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EXECUTIVE SUMMARY 

Thls executwe summary provides results of the Colorado Department of Pubhc Health and 
Envmnment (CDPHE) B s k  Based Consewatwe Screen for the 903 Pad Mound and East 
Trenches Area Operable Umt No 2 (OU2) at the Rocky Flats Envmnmental Technology 
Site (RFETS) m Golden Colorado The 903 Pad Mound and East Trenches Areas contiun 
20 Individual Hazardous Substances Sites (IHSSs) where waste m a k d s  were fomerly 
stored or deposited The CDPHE msk Based Conservative Screen was developed to support 
CDPHE s evaluation of contammant source areas The source areas m the CDPHE screen 
wdl be used to define areas of concern (AOC) for evaluation m the Human Health msk 
Assessment (HHRA) pomon of the Phase 11 RCRA Fachty 1nveshgahodRemed.d 
Investigabon (RFI/RI) Report for OU2 The screen is used to support the idenufkation of 
contammant source areas low hazard areas that may warrant no further evaluatlon hgh 
hazard areas that may warrant potenhal early action and those areas whch need to be 
evaluated m the HHRA The CDPHE screen also provides a decision pomt as to whether 
a feasibllrty study (FS) is warranted Fmally the CDPHE screen also supports the 
deheation of AOCs that wdl be evaluated m the HHRA The HHRA is performed as part 
of the RCRA Faclllty Investlgatiodkmedd Investigation (RFI/RI) conducted pursuant to 
the U S Department of Energy (DOE) Envmnmental Restoxahon Program a Comphce 
Agreement between DOE the U S Envmnmental Pmtectlon Agency (EPA) and CDPHE 
and the Federal Facihty Agreement and Consent Order (Interagency Agreement) signed m 
1991 

The CDPHE Conservative Rrsk Based Screen includes the followmg SIX steps 

e step 1 Define potential chemicals of concern (PCOCs) m soil and 
groundwater 

step 2 Identlfy contammant source areas based on distnbuaon of 
PCOCS 

step 3 Calculate a health nsk based concentrabon (RBC) for each 
PCOC m sod and groundwater 

(4040-1315 0080-872) (RISK ES) (09 21 94 6 43pm) (1) ES1 
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0 step 4 Calculate the rat10 of the maxtmum concentraoon of each 
PCOC to the correspondmg RBC sum the ratios for each 
medium and for each source area 

0 step 5 Apply CDPHE conservabve screen decision cntena to the RBC 
rat10 sums for each source area 

0 Step 6 Define area@) of concern (AOC) for the "RA based on 
source areas 

In Step 1 PCOCs were idenMied sod and groundwater PCOCs are defined as (a) metals 
and radionuchdes sigIllficantly above background levels as determmed by statist~cal tests 
(Gdbert 1993) and (b) orgmc target analytes that were detected above analytical detection 
lmits 

The chef PCOCs m surface sod were the radionuchdes amencium 241 (Am 241) and 
plutomum 239 240 (Pu 239 240) the u m u m  isotopes U 233 234 U 235 and U 238 
chlomated solvents such as tetrachloroethene (PCE) tnchloroethene (TCE) and carbon 
tetrachlonde polycychc aromatic hydrocarbons (PAHs) and numerous metals (some of the 
metal PCOCs may be naturally occurnng even though statistical evaluabon idenMied them 
as berng above background levels) The chef PCOCs m groundwater were chlormated 
solvents such as PCE TCE and carbon mchlonde mtrates Am 241 and Pu 239 240 and 
most metals Elevated metals concentrabons m unfiltered groundwater samples are probably 
not due to contammabon but rather due to hgh total suspended soh& resultmg from 
dlfficulty in samphg wells with low yields to geochemical charactenstm of the 
groundwater or other factors 

In Step 2 PCOC concentrations above background anthmeoc mean plus two standard 
deviaoons (inorgmcs) or detection limits (orgmcs) were plotted on maps and contaminant 

source areas were identfied based on the distnbuoon of PCOCs Source areas were defined 
as areas contamng concentrabons or radioacovioes of morgmc PCOCs above the 
background anthmeoc mean plus two standard devmtions or areas where orgmc PCOCs 
were detected Source areas mclude contammated sod and assocmted groundwater 

(4040-1315 0080-872) (RISK ES) (09 21 94 9 36pm) (1) 
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contamrnant plumes If any Five source areas were idenMied m OU2 These are dlustrated 
in Figure 3 1 and hsted below 

rn 903 Pad Source Area . Thls source area mcludes MSSs 109 112 1 4 0  155 
and 185 at the 903 Pad area groundwater contammant plumes flowmg 
northeast and southeast of the 903 Pad area and IHSSs 111 6 111 7 111 8 
(Trenches T 9 T 10 and T 11) Trenches T 12 and T 13 and prhons of 
Trench T 5 (IHSS 111 2) whch are located w i t h  the area bounded by the 
northeast extension of the groundwater contammant plume 

rn Mound Source Area . Thls source area mcludes IHSSs 108 113 153 and 
154 rn the Mound area and assoclated groundwater contammnt plume that 
flows north and east of the source area 

rn Northeast Trenches Sou rce Area Thu source area mcludes Trenches T 3 and 
T 4 and an assoclated groundwater contammt plume extendmg north of the 
trenches 

rn Southeast Trenches Source Area Thls source area mcludes a portion of 
Trench T 5 (IHSS 111 2) and Trenches T 6 through T 8 (IHSSs 111 3 
through 11 1 5) No gmundwater is present m h s  area 

rn East of MSSs so U r c e  Area . No MSSs are located m thls area However 
h s  area mcludes groundwater east of the previously described source areas 
and surface and subsurface sod w i t h  this area 

In Step 3 RBCs were developed for each PCOC Chemical speclfic RBCs are presented m 
the F d  Rocky Flats Programmahc RukBased P d m m a r y  Remedlahon Goals (DOE 
1994b) The RBCs used m h s  consematwe screen were based on a residentd scenario for 
exposure to sod and groundwater 

(4040-1315-0080-872) (RISK ES) (09 21 94 6 43pm) (1) E s 3  
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In Step 4 maxltnum detected concentmhons or xadioactwiues of PCOCs m each medmm 
were compared to RBCs The followmg mho was calculated for each PCOC m each source 
area 

Maximum dktected concentranon or acmty of PCOC 
RBC for PCOC 

Ran0 = 

In each source area PCOC specrfic mhos were summed to yield a rat10 sum for sod and 
groundwater Ratio sums above 1 mdicate that cumulatwe effects of PCOCs at m m u m  
detected concenmmons exceed a conservative nsk based screerung level and that the source 
area warrants further evaluation 

A summary of the mho sums by source area is shown m Table ES 1 All of the source 
areas m OU2 have RBC mho sums greater than 1 for residenhal exposure to sod (0 to 12 
feet below ground surface) All of the source areas that mclude groundwater have RBC mho 
sums greater than 100 for groundwater assummg residentd use 

In Step 5 the followmg decision cntena were used to classlfy the source areas 

0 If the raho sum 2 100 mdicatmg a poten td  health hazard assummg long 
term exposure to m m u m  detected concentmhons a voluntary c o m h v e  
action (early action) or a baseline "RA wlll be conducted 

0 If 1 c raho sum < 100 a basehe HHRA must be conducted 

0 If the mho sum 5 1 mQcatmg a low hazard source area no further achon 
may be requved pendmg evaluation of Apphcable or Relevant and 
Appropmte Requmments (ARARs) and mcremental nsk from dermal 
exposure 

None of the source areas had mho sums less than 1 assuming residentd exposure to 
maxlmum contammant concentrations in all medla Therefore all source areas will be 
evaluated further rn a baselme "RA or as canQdates for early acuon 

(4wO-1315 -872) (RISK ES) (09 21 W 6 43pm) (1) E s 4  



In Step 6 AOCs for OU2 were denflied for the HHRA AOCs are defined as one or 
several source areas grouped spamy 111 close pmxlmity In the HHRA for OU2 the 903 
Pad Mound Northeast Trenches and Southeast Trenches source areas were grouped as 
AOC No 1 smce they are m close proximity the contammaoon 111 those four source areas 

is s u n k  and the 903 Pad Mound and Northeast Trenches areas are hydrogeologically 
connected East of MSSs area is designated as AOC No 2 
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TABLEES 1 
ROCKY FLATS OU2 

SUMMARY OF TOTAL RATIO SUMS BY SOURCE AREA 

Medium Carcinogenic Ratio Noncarcinogenic Ratio 
903 Pad so11 to 12 feet 3460 00 4 50 

Groundwater 334000 00 1280 000 
Total Rauo ' I )  337460 00 1284 500 

Mound so11 to 12 feet 81 10 0 31 
Groundwater 41500 00 83 70 

Total Rauo ( I )  41581 10 84 01 

Northeast Trenches So11 to 12 feet 1390 00 7 34 
Groundwater 70900 00 363 00 

Total Ratro ( 'I  72290 00 370 34 

Southeast Trenches(2' Soil to 12 feet 64 30 0 40 

East of IHSSs so11 to 12 feet 95 40 0 34 
Groundwater 671 00 33 80 

Total Rauo ( I  ' 766 40 34 14 

("Total Carcinogemc Ratro > 1 equlvalent to > 10"cancer nsk level 
Total Carcinogenic Ratio > 100 eqwvalent to > lo4 cancer nsk level 
Total Noncarcinogemc Ratio > 1 eqwvalent to Hazard index > 1 
(All assurmng long term residentral exposure to maxlmum detected concentrabons ) 
(T No groundwater present in tlus area based on data from RFVRl report 
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1 0  

INTRODUCTION 

The purpose of tlus report is to document the results of the Colorado Department of Pubhc 
Health and Envmnment (CDPHE) fisk Based Conservabve Screen for Operable Umt No 2 
(OU2) at the Department of Energy (DOE) Rocky Flats Envmnmental Technology Site 
(RFETS) m Golden Colorado OU2 is compnsed of the 903 Pad Mound and East 
Trenches Areas The 903 Pad Mound and East Trenches areas contam 20 Indrvidual 
Hazardous Substances Sites (IHSSs) where waste materials were formerly stored or 
deposited The CDPHE fiskBased 
Conservabve Screen was used to support the idenMicabon and CDPHE s evaluabon of 
contammant source areas low hazard areas that may warrant no further evaluabon lugh 
hazard areas that may warrant potentd early acbon and those areas wluch need to be 
evaluated rn the "RA The CDPHE screen also provides a decision pomt as to whether 
a feasibhty study (FS) is warranted The CDPHE screen also supports the idenMicabon of 
the larger areas of concern (AOCs) that wdl be evaluated m the basehe Human Health fisk 
Assessment m) pornon of the Phase II RCRA Fachty 1nvesbgabodRemexh.l 
Inveshgabon (RFI/RI) report for OU2 An AOC may be compnsed of one source area or 
of several source areas that can be grouped based on close proxunity In the RFI/RI report 
a basehe "RA WIU be conducted for each AOC 

The MSS locabons are shown on Figure 1 1 

Guidance for data aggregabon for nsk assessment and for the nsk based screen was provided 
in a mernomdum from DOE (1994) and m documents prepared jorntly by CDPHE U S 
Environmental Protecbon Agency P A )  and DOE (CDPHE/EPA/DOE 1994) The nsk 
based screen compares maxlIllum detected concentrabons of potentlal contamrnants m each 
source area to health nsk based concentrabons (RBCs) for chemicals m sod or groundwater 
If the sum of the rabos is less than 1 the source area is a candidate for no further action 
If the ratio sum exceeds 1 the source area is subject to further evaluabon either m a 
basehe HHRA or as a candidate for early action Therefore the CDPHE Conservatwe 
fisk Based Screen can be used to identrfy no further action source areas potentsal early 
achon source areas and source areas that can be combmed into AOCs for evaluation in the 
basehe HHRA 

I )I 
(4040-1315 008&872) (RISK 1) (09 21 94 6 51pm) (1) 11 
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The CDPHE Conservative a s k  Based Screen does not replace the selecbon of chemicals of 
concern exposure pathway analysis exposure assessment tomcity assessment nsk 
charactenzation and uncertamties analysis that are r e q u d  m an HHRA and are used to 
support nsk management decisions The relabonshp of the HHRA to the CDPHE screen 
is dustrated rn Figure 1 2 

The process used to conduct the CDPHE Consematwe R ~ s k  Based Screen is dustrated in 
Figure 1 3 The steps m the screen are hsted below 

Step 1 Defme Potentml Chermcals of Concern (PCOCs) PCOCs are defined as 
(a) metals and radionuchdes sigdicantly above background levels based on stanstical 
evaluanon (Gdbert 1993) and (b) orgmc target analytes detected above reportmg 
h i t s  m sod or groundwater samples m OU2 The background determmanon was 
made on the basis of stabstid companson of OU2 data to background data 

Step 2 Contaminant source areas are defined as areas 
contamng orgaruc PCOCs above reporting h i t s  and/or morgmc PCOCs at 
concentrations (or radioachvibes) above the anthmebc mean plus two standard 
devlations of the background data 

Identify Source Areas 

Step 3 RBCs are calculated for each 
PCOC RBCs are health protective chemical concentrations 111 sod and groundwater 
calculated usmg consemabve assumpbons regardlng exposure toxlcity and 
acceptable nsk The RBCs used m the CDPHE nsk based screen are presented 111 

the Final Rocky Flats Programmatic askBased Prehmary Remedubon Goals 
(DOE 1994b) RBCs for soil and groundwater are calculated assummg residenbal 
exposure 

Calculate I(lsk Based Concentrations 

Step 4 The rabo of the 
m m u m  detected concentranon or radioactivity to the comspondmg RBC is 
calculated for each orgmc PCOC and for each morgamc PCOC that occurs m the 
source a m  at a concentranon or radioacbvity above the background mean plus two 
standard devlations Maxlmum detected concentrations or radioactivities 111 soil are 

idenwied from samples collected to a depth of 12 feet whch is the depth 

Calculate RBC Ratio Sums for Each Source Area 
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recommended for use by CDPHE The chemical speclfic and radonuchde speclfic 
rahos are then summed for each medium resultmg M a raho sum for the medium 
(sod and groundwater) Raho sums for sod and groundwater (If present) are also 
added to yield a total rabo sum for residentml exposure If any raho or ratio sum 
exceeds 1 the source area wanants further evaluabon 

Step 5 Apply CDPHE Conservative Ruk Based Screen k w o n  Crrterra The 
mbo sums determmed m Step 4 are used to designate source areas as canddates for 
no further action or as canddates for further evaluahon m the "RA or possible 
early achon For source areas with mho sums less than 1 DOE may pursue a no 
further amon altername Source areas with raho sums between 1 and 100 wdl be 
evaluated m the basehe HHRA For source areas with mho sums above 100 DOE 
may pursue a voluntary early action alternative or evaluate the source area further in 
the basehe HHRA 

Step 6 Define AOCs for the HHRA As stated earher an AOC is a source area 
or group of source areas m close proximity A basehe HHRA wdl be conducted for 
each AOC AOC deheabon is reviewed and approved by EPA The basehe 
HHRA wdl assess exposure to chemicals of concern (COCs) (a subset of PCOCs) 
that are idenMied followmg EPA and CDPHE approved procedures (The selemon 
of COCs for the HHRA are presented M the Draft Fmal Tech~cal Memorandum 
No 9 Chemicals of Concern for OU2 P O E  1994~1) 

The followmg sechons of ths report descnbe the apphcabon and results of each step of the 
CDPHE screen 
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STEP 3 CALCUlATEaR6C S 
RBC S ARE BASED ON 1 X 10 EXCESS LIFETIME 

CANCER RISK OR W R D  INDEX OF 1 INCLUDE INGESTION 
INHALATION AND EXTERNAL EXPOSURE ROUTES 

I 
STEP 4 CALCULATE REGS RATIO SUM FOR EACH SOURCE AREA 

E ($ (- RBCij > >  RBG RATIO SUM= 
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2 0  
IDENTIFICATION OF POTENTIAL CHEMICALS OF CONCERN 

Step 1 of the CDPHE nsk based screen is to idenMy PCOCs for OU2 PCOCs are defined 
as (a) metals and radonuchdes sigmfkantly above background levels and (b) orgamc target 
analytes detected above reportmg h i t s  m surface sod subsurface sod or groundwater 
samples m OU2 The background determmtion was made on the basis of stabsbcal 
compmson of OU2 data to background data The data sets used m the evaluabon the 
background compson process and the identdkahon of PCOCs for OU2 are summanzed 
in ths secbon Greater detail is provided m the Draft Fmal Techn~cal Memorandum No 9 
Chemicals of Concern for HHRA at OU2 on RFETS (DOE 1994c) 

2 1 DATA USED MIR EVALUATION 

Chemical analytical data from envmnmental samples collected dunng OW2 field samplmg 
programs and Rocky Flats site wide samplmg programs were evaluated to charactenze 
contammation m OU2 Table 2 1 OU2 Analytical Data Summary descnbes wluch data 
were collected for each medwm The data sets used for evaluabon of surface soil 
subsurface soil and groundwater are descnbed below 

2 1 1 Surface Sod 

The results of two separate samplmg and ana ly td  protocols (1991 92 and 1993) usmg 
surface soil samples from two depths were used to evaluate surface sod contammabon m 
OU2 These programs were 

a OU2 Phase II mvestmbo ns conducted m 1991 and 199 2 Some of the 
samples were collected by the Colorado Depaxtment of Health (CDH) method 
(0 25 mch deep samples) and some were collected by the m W i e d  Rocky 
Flats Plant (RFP) method (5 cm deep samples or approxunately 2 mches 
deep) as descnbed 111 the Pndmmary Draft Phase 11 RFI/RI Report for OU2 
(DOE 1993a) 

! 
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e OU2 Phase 11 mvestimuon conducted m 1993 These samples were collected 
usmg the RFP samphg method (2 mch deep samples) 

The surface sod samphg program and mbonale is descnbed m T e c h d  Memorandum 
No 7 Surface Sod Samphg and Analysis Plan (DOE 1993b) The 1991 and 1992 surface 
sod samples were collected from 2 5 and 10 acre plots and the samples were analyzed for 
radionuchdes The plots were selected for samphg based on results of previous 
mvesugations (DOE 1991) Samples collected usmg the CDH method were analyzed for 
amencium plutomum and u m u m  Samples collected usmg the m d i e d  RFP method 
were analyzed for amencium and plutomum only 

The 1993 surface sod samples were collected from 100 foot by 150 foot plots All 1993 
samples were collected usmg the RFP samphg method These samples were analyzed for 
semivolatrle orgmc compounds (SVOCs) pesbcides/polychlonnated biphenyls (PCBs) 
metals and radonuchdes (except for amencium plutomum and umum) 

Analyt~cal results from surface soil samples from the three dfierent samplmg programs 
(CDH modfied RFP and RFP) were used to evaluate the nature and extent of 
contammabon As  part of ths evaluabon morgamc chemical data collected usmg the 
modlfied RFP and RFP methods were compared to background data which were also 
collected usmg the RFP method For u m u m  only CDH method data were avadable for 
OU2 and those data were compared to background data from samples collected usmg the 
RFP method 

Surface sod samples were collected w i t h  IHSSs as well as m gnds extendmg across the 
whole OU The data set mcludes 69 samples analyzed for vanous metals between 13 and 
80 samples analyzed for vanous radionuchdes and 40 samples analyzed for SVOCs and 
pesticides/PCBs Surface sod samplmg locations are shown m maps m Append= B c 

2 1 2  Subsurface Sod 

The data set for subsurface sod mcludes analyt~cal results from over 350 samples collected 
dumg mvestigations m OU2 Data used to evaluate contammation m subsurface sod were 
taken from five sources 
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OU2 Phase I field mvestigatlon conducted m 1987 
Boreholes for seismic evaluabon drilled m 1989 
OU2 Phase II field mvesbgabon conducted from 1991 to 1993 
Well abandonment and replacement program conducted m 1992 
OU2 Sod Vapor Extracbon (SVE) Mot Program conducted m 1993 

Many of the boreholes dnlled for OU2 mvestigations were withm IHSS boundaries Some 
boreholes from the other programs used to evaluate OU2 contammabon were outside MSS 
boundaries Borehole locations are shown m maps m A p p e n h  C 

For the background companson and selecbon of PCOCs results from subsurface sod 
samples collected below the water table were excluded from the data set m order to deheate 
subsurface sod contammabon from consbtuents transported by groundwater Laboratory 
analyses of borehole samples were based on project speclfic work plans and not all samples 
were analyzed for the same suite of analytes Appromately 380 samples were analyzed for 
volatlle organic compounds (VOCs) SVOCs were analyzed for m 214 samples and 
pesticide/FCBs were analyzed for m 224 samples Vanous metals were analyzed for 111 189 
to 300 samples and vanous radionuchdes were analyzed for m 49 to 284 samples 

2 1 3  Groundwater 

Groundwater samples were collected from momtonng wells on a quarterly basis under a 

site wide groundwater sampling program Samples were collected from more than 80 wells 
mstalled dunng OU2 Phase I and Phase 11 invesbgabons and dunng other invesogabons 
conducted m 1987 and 1989 withm the OU2 area 

Only wells completed m the Upper Hydrostratigraphc Umt (UHSU) were mcluded 111 the 
groundwater data set for the selemon of PCOCs The UHSU lncludes the Rocky Flats 
alluvium colluvium valley fill alluvium Arapahoe (No 1) Sandstone weathered claystone 
of the Arapahoe and/or Laramie formations and subcropping Laramie Sandstones on the 
south facing slope of the Woman Creek dmage  

The evaluation of contammant concentrabons m the UHSU was based on analyt~cal results 
from samples collected from the second quarter of 1991 through the fourth quarter of 1992 
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The second quarter of 1991 was the fmt quarterly groundwater samphg event for whch 
standard operatmg procedures (SOPS) and vahdabon cntena were m place Samples 
collected pnor to the second quarter of 1991 were mconsistently collected and vahdated In 
gened the groundwater samples were analyzed for VOCs SVOCs pesbcides/PCBs metals 
(filtered and unfiltered samples) radonuchdes (fdtered and unfiiltered samples) and water 
quahty parameters 

Groundwater momtonng well locabons are shown m maps m A p p e n h  D 

2 1 4 Data Review and m m g  

The OU2 chemical analpcal database mcludes all usable data avadable as of January 1994 
Examples of unusable data mclude samples with no result or no umts As of January 1994 
74 percent of the data was vahdated Of the 26 percent that was not vahdated 18 percent 
is compnsed of the 1987 borehole sample analpcal results these samples were collected and 
analyzed pnor to the current vahdabon program 

Data review and d t m g  were performed m accordance with RFETS guidance The data 

review and d t m g  process is descnbed m the P r e h m r y  Draft OU2 RFURI Report (DOE 
1993a) 

For radionuchdes negative results were used as reported m accordance with DOE guidance 
that all results for radionuchdes mcludmg negative ones should be mcluded in statistical 
analysis Consequently there were no mdionuchde non detects 

2 2 BACKGROUND COMPARISON FOR INORGANIC CONSTITUENTS 

Analytical results for metals and radionuchdes were compared to background levels denved 
from data for subsurface soil and groundwater reported m the Background Geochemical 
Charactemtion Report (DOE 1993c) and from 18 background surface sod samples collected 
in the Rock Creek area dunng the 1991 OU1 Phase III mvesbgabon and the 1993 OU2 
Phase 11 mvestigabon Metals and radionuclides whose concentmbons did not si@icantly 
exceed background levels were ehmated from further consideration as PCOCs 
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The methods used to evaluate whether a metal or mbonuchde exceeded background levels 
are summanzed below Attachment 1 presents summary tables of stat~sbcal results of the 
background cornpanson for metals and mbonuchdes m all medm Techcal Memorandum 
No 9 Chemicals of Concern (DOE 1994c) presents the background compmson 
methodology and results m more detarl 

0 Statrstical tests Analflcal results for metals and mhonuchdes were 
compared to the background data usrng four stabsbcal tests the Quantde test 
Shppage test Student s t test and the Gehan test as descnbed m Gilbert s 
letter report (Gdbert 1993) Test condihons and treatment of non detect 
values are dxussed m Techmcal Memorandum No 9 (DOE 1994c 
A p p e n h  A) The analyte was considered to be si@icantly above 
background fi it faded any test at the p S 0 05 level 

0 mm cornpanson Analyt~cal results for each metal and mhonuchde were 
compared to the 99 percent upper tolerance h i t  of background data 

calculated at the 99 percent confidence level ml9) The mI9, test is 
an mdicator of possible hot spots (Gdbert 1993) however with large sample 
slzes of one hundred to three hundred it is to be expected that a few OU2 
data pomts would exceed the IJ1.L99/99 value Nevertheless If any result 
exceeded the the analyte was identlfied as a PCOC subject to s p a d  
and temporal evaluabon and assessment of the lognormal UTL 

0 Lognormal mm cornpanson The background presented m the 
Background Geochemical Characternabon Report (DOE 1993c) were 
calculated assummg that the background data were normally distnbuted This 
assumpbon may not be appropnate for all  analytes Concentrations of some 
analytes were w i t h  background range accordmg to all stabshcal tests 
performed but one or two results exceeded the background zJ.IIr)glS and 
therefore the analyte was idenMied as a PCOC When the Qstnbubon of the 
background data was tested if a log normal distnbubon was a better fit the 
wIw was recalculated based on lognormal dstnbutlon and the OU2 results 
were compared to the lognormal based Th~s stabsbcal reevaluation 
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resulted m excludmg some analytes as PCOCs (these analytes are noted on 
tables m Attachment 1) 

2 2 1 Surface Soil Background Cornpanson 

Table 2 2 hsts the m m u m  detected concentmuons and m&oactivitles and detection 
frequencies for metals and mdionuchdes identlfied as PCOCs m surface sod based on the 
statistical background companson Background surface sod data consist of analflcal results 
from samples collected at 18 locations 111 the Rock Creek area The results of the statistical 
compmsons to background data are summarrzed m Attachment 1 (Table 2 2 also hsts 
orgmc PCOCs ) 

Chromium and lead were the only two non radioactive metals that were identdied as PCOCs 
in surface sod based on the background cornpanson (other than calcium and m n  whxh 
were removed from further evaluation because they are essentd nutnents and shcon whch 
is an element occumg extensively m the earth s crust and is not an envmnmental 
contammant) The m m u m  lead concentration was 145 mg/kg whch is below the EPA 
screemng level of 400 mg/kg for residentml soil (EPA 1994) 

Chromium results were not sigdkantly different than background accodng to the four 
formal statist~cal tests However two samples had results for chromium that exceeded the 
background of 24 8 mg/kg One result of 29 5 mg/kg was observed m a sample 
collected at location SS200893 whch is in a non MSS area appromnately 700 feet south 
of the Southeast Trenches Another result of 28 mg/kg was measured m a sample collected 
at SS200193 whch is m the 903 Pad area Sample locations are shown in Figure B 3 
Because these two results somewhat exceeded the background chromium was 
retamed as a PCOC m surface sod 

Plutomum 239 240 (hi 239 240) and amencium 241 (Am 241) are the chef radionuchde 
PCOCs detected 111 surface sod Other radionuchde PCOCs are the u m u m  isotopes 
(U 238 U 235 and U 233 234) radium 226 and strontium 89 90 Elevated activities of 
these radionuchdes ( > background mean plus two standard devntions) are shown on Figures 
B4andB5  

I 
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2 2 2 Subsurface Sod Background Cornpallson 

Table 2 3 hsts the maxlfnum detected concentrations and radioactivities and detection 
frequencies for metals and radlonuchdes idenwied as PCOCs m subsurface sod based on the 
staustical background companson Background data for subsurface sods were taken from 
the Background Geochemical Charactemuon Report (DOE 1993c) The results of the 
statistical compansons of OU2 lnorgmc data to background data are summanzed m 
Attachment 1 Tables 2 3 and 2-4 also hst organic PCOCs 

Twelve metals and mtrate were idenwid as PCOCs ln subsurface sod 

ArSemc 
Banum 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 

Manganese 
Mercury 
Sdver 
Vanadlum 
ZlnC 

Nitrate 

Concentmhons exceedmg the background mean plus two standard devlations are plotted on 
Figures C 5 (903 Pad Area) C 12 (Mound Area) C 19 (Northeast Trenches) C 26 
(Southeast Trenches) and C 31 (East of IHSSs) 

The radionuchdes Pu 239 240 Am 241 U 233 234 U 238 U 235 radium 226 radium 
228 cesium 137 and stronhum 89 90 were also idenwied as PCOCs m subsurface sod 
Activities above the background mean plus two standard devlabon are plotted m Figure C 6 
and C 7 (903 Pad Area) C 13 and C 14 (Mound Area) C 20 and C 21 (Northeast 
Trenches) C 27 and C 28 (Southeast Trenches) and C 32 (East of IHSSs) 

2 2 3 Groundwater Background Cornpanson 

Table 2 5 hsts the maxlfnum detected concentrations and achvihes of metals and 
radionuchdes identified as PCOCs m UHSU groundwater based on the staustical background 
companson Data are shown for results from unfiltered samples 
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The results of the stabsbcal background compansons for morgamcs are summanzed m 
Attachment 1 Background data for UHSU groundwater were taken from the Background 
Geochemical Charactenzabon Report (DOE 1993c) Inspection of Table 2 5 and the 
Attachment 1 tables for metals m unfiltered groundwater samples reveals that nearly all 
metals (mcludmg typical rockformmg elements such as alummum calcium mn and 
sodium) were idenMied as bemg above background levels Concenmbons above the 
backgmund mean plus two standard deviabons are plotted m Figures D 7 through D 10 
(metals) and D 13 (mtrate/mtnte) Most of the metals have been shown to be naturally 
occumg with elevated concentrabons m groundwater due to local geochemical 
charactensbcs or hgh total suspended sohds m unfiltered samples collected from wells with 
low yields More detiuled evaluabon is provided m Techcal Memorandum No 9 
Chemicals of Concern (DOE 1994c) 

Several chlomated solvents and other orgmc contammants were detected m wells at 
m m u m  concentrabons mgmg from 0 3 Fg/L for several compounds to 150 OOO pg/L for 
tnchloroethene Detecbon frequencies for vOlat.de orgmc analytes ranged from 0 2 percent 
to 68 percent 

2 3  SUMMARYOFPCOCs 

Tables 2 2 through 2 6 hst the orgamc and morgmc PCOCs m surface sod subsurface sod 
and UHSU groundwater mcludmg maxlmum detected concentrabons activibes and 
detection frequency The chef PCOCs IXI each medmm are idenMied below 

Summary of Chief PCOCs by M&m 

Orgamc Compounds Metals 
~ ~ 

Radlonuchdes 

Surface Sod 

Polycyclic aromatic Chromium 
hydrocarbons Lead 

Pu 239 240 
Am 241 

(4040-1315-0080-872) (RISK 2) (09 21 94 6 56pm) (1) 
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Summary of Chief PCOCs by Medrum (cont’d) 

Orgamc Compounds Metals* and Inorgamcs Ra&onuchdes 

Subsurface Sod. 

1 1 1 Tnchloroethane AX-SeIlIC 

Tetrachloroethene Cadmium 
Chromium 
Mercury 
Sdver 
Vanadum 

Pu 239 240 
Am 241 
U 233 234 
U 235 
U 238 

1 1 Dichlomthene 
1 1 1 Tnchloroethane 
Carbon tetrachlonde 
Chloroform 
Methylene chlonde 
Tetrachloroethene 
Tnchloroethene 

Nitrate Pu 239 240 
Antmony Am 241 

Banurn 
Beryhum 
Cadmium 
Manganese 
Molybdenum 
Nickel 
Selemum 
Vanahum 

h N C  

* Metals in groundwater are probably naturally occurring 

Orgmc PCOCs in surface sod are plotted on Figures B 1 and B 2 Orgamc PCOCs in 
subsurface soil are plotted on Figures C 1 through C 4 (903 Pad Area) C 8 through C 1 1  
(Mound Area) C 15 through C 18 (Northeast Trenches) C 22 through C 25 (Southeast 
Trenches) and C 29 and C 30 (East of IHSSs) Orgmc PCOCs m groundwater are plotted 
in Figures D 1 through D 6 
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TABLE 2 1 
ROCKY FLATS PLANT OU2 

ANALYTICAL DATA SUMMARY 

Data DescnDtion Borehole Data Used for Identifvme PCOCs 

Metals 1987 
Metals 1991 1992 
Pesticides/PCBs 1987 
PesticidedPCBs 1991 1992 
Radionuclides 1987 
Radionuclides 1991 1992 
SVOCs 1987 
svocs 1991 1992 
VOCs 1987 
vocs 1991 1992 

Data Descnption Groundwater Data Used for Identifymg PCOCs 

All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 
All subsurface soil data from above hgh water table 

Pesticides/PCBs 
PesticidedPCBs 
Dissolved Radionuclides 
Total Radionuclides 
Dissolved Radionuclides 
Total Radionuclides 
Dissolved Radionuclides 
Total Radionuclides 
Dissolved Rachonuclides 
Total Radionuclides 
s v o c s  
s v o c s  
vocs 
v o c s  
vocs 
vocs 
Water Quality Parameters 
Water Quality Parameters 
Water Quality Parameters 
Water Quality Parameters 
Metals 

1st and 2nd Quarters 1992 
All Quarters 1991 
1st and 2nd Quarters 1992 
1st and 2nd Quarters 1992 
3rd and 4th Quarters 1992 
3rd and 4th Quarters 1992 
All Quarters 1990 
All Quarters 1990 
All Quarters 1991 
All Quarters 1991 
1st and 2nd Quarters 1992 
4thQuarter 1991 
1st and 2nd Quarters 1992 
3rd and 4th Quarters 1992 
All Quarters 1990 
All Quarters 1991 
1st and 2nd Quarters 1992 
3rd and 4th Quarters 1992 
All Quarters 1990 
All Quarters 1991 
1st Quarter 1990 4th Quarter 1992 

1st and 2nd Quarter 1992 
2nd through 4th Quarter 1991 
1st and 2nd Quarter 1992 
1st and 2nd Quarter 1992 
3rd Quarter 1992 
3rd Quarter 1992 
Not Used 
Not Used 
2nd through 4th Quarter 1991 
2nd through 4th Quarter 1991 
1st and 2nd Quarter 1992 
4th Quarter 1991 
1st and 2nd Quarter 1992 
3rd Quarter 1992 
Not Used 
2nd through 4th Quarter 1991 
Not Used 
Not Used 
Not Used 
Not Used 
2nd Qtr 1991 3rd Qtr 1992 

Data Descnption Surficral Soil Data Used for Identifying PCOCs 

1993 data not mcludmg background (met rads sv pest) 
1991 and 1992 data (rads) 

All 
All 

PCOC = Potential Chemcal of Concern 
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TABLE 2 2 
ROCKYFLATS OU2 

POTENTIAL CHEMICALS OF CONCERN 
IN SURFACE SOIL 

=mum 
Detected 

Detecuon 
Frequencv 

Cone (mgkg) / 
Organic Compounds 
4 4  DDT 0 026 3 
Aroclor 1254 0 97 5 
Aroclor 1260 0 66 5 
Benzo(a)anthracene 0 16 18 
Benzo(a)pvrene 0 16 18 
Benzo(b)fluoranthene 0 24 23 
Benzo(k)fluoranthene 0 076 5 
Benzo(gh)perylene 0 045 3 
Benzoic acid 0 7  93 
Bis(2-ethvlhexvl)phthalate 0 51 23 
Chrysene 02 28 
delta BHC 0 023 3 
Di n Butvlphthalate 10 3 
Fluoranthene 0 39 48 
Indeno( 1 2 3 cd)pyrene 0 083 5 
Phenanthrene 0 23 30 
Pyrene 0 35 55 

Metals 
Chromum 29 5 100 
Lead 145 100 

-mum 
Detected 

Acuvity @Cdg) 
Radionuclides"' 
Plutonium 239 240 7300 100 
Amencium 241 160 100 
Uramum 238 7 74 100 
Uramum 233 234 3 58 100 
U m u m  235 0 68 100 
Radium 226 146 100 
Stronmm 89 90 2 09 100 

) Detection frequencv of radionuclides 1s designated as 100 /o because both posiuve and 
negative analvtical results are used in the data set for staustical analysis 
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TABLE 2 3 
ROCKY FLATS OU2 

POTENTIAL CHEMICALS OF CONCERN IN SUBSURFACE SOIL 
DETECTED AT 5Y OR GREATER FREQUENCY 

Maxlmum 
Detected Conc ( I )  

Detecuon 
Frequencv 

(mg/kg) / 
Organic Compounds 
1 1 1 Tnchloroethane 
1 2 Dichloroethane 

13 
0 12 

5 
9 

2 Butanone 0 15 6 
Acetone 26 38 
Bis(2-ethvlhexyl)phthalate 12 38 
Di n butylphthalate 34 26 
Methvlene chlonde 29 28 
N mtrosdphenylamme 0 28 13 
Tetrachloroethene 13000 13 
Toluene 76 38 

Metals 
Arsemc 30 8 94 
BarllUtl 589 83 
Cadmmm 10 5 34 
Chronuum 127 98 
Cobalt 38 5 53 
Copper 132 86 
Lead 86 4 100 

Mercury 114 24 
Silver 96 5 13 
Vanadium 80 4 97 
Zinc 437 100 
Nitrate 43 42 

Manganese 3160 100 
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TABLE 2 3 
(concluded) 

Maxlmum 
Detected Conc ( I )  

Detecnon 
Frequency 

(mgflrp;) / 
Radionuclides’) 
Plutomum 239 240 180 100 
Amencium 241 22 100 
Urmum 233 234 191 7 100 
U m u m  235 11 5 100 
Urmum 238 113 1 100 
Ra&um 226 1 9  100 
W u m  228 6 3  100 
Cesium 137 4 7  100 
Stronttum 89 90 1 1  100 

In samples collected to 12 feet below ground surface (1) 

(2) Detecnon frequency of rachonuchdes is designated as 100 / because both posinve 
and negauve analmcal results are used in the data set for stansncal analysis 
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TABLE 2-4 
ROCKY FLATS OU2 

ORGANIC POTENTIAL CHEMICALS OF CONCERN IN SUBSURFACE SOIL 
DETECTED AT LESS THAN 5% FREQUENCY 

Maxlmum Detectlon 
Detected Conc ( I ’  Frequencv 

(mgflrg) / 
Organic Compounds 
1 1 2 2 Tetrachloroethane 0 005 0 3  
1 2 Dichloroethene 0 09 1 
1 3 Dichloropropene cis 0 006 0 3  
1 4  Dichlorobenzene 0 043 0 5  
2 Chloroethyl wnvl ether 0031 1 
2 Methylnaphthalene 8 1  1 
2 Methylphenol 0 45 0 5  
4 4  DDT 0 14 0 4  
4 Methyl 2 pentanone 0011 0 3  
4 Methylphenol 2 9  0 5  
4 Nitroamline 1 6  0 5  

Anthracene 0 26 0 5  
Aroclor 1254 8 9  3 
Benzene 0 012 0 3  
Benzo(a)anthracene 0 53 0 5  
Benzo(a)pvrene 0 48 1 
Benzo(b)fluoranthene o a2 0 5  
Benzo(g hi)pervlene 0 36 0 5  
Benzoic acid 0 4  1 
Butyl benqlphthalate 0 52 0 5  
Carbon disulfide 0 14 0 3  
Carbon tetrachlonde 140 4 
Chloroethane 0 007 0 3  

Acenaphthene 0 28 1 

Chloroform 
Chnsene 
Di n octvbhthalate 

8 8  
0 42 
0 26 

3 
1 

0 5  
Ethylbenzene 
Fluoranthene 

0 026 
1 

2 
2 

Fluorene 0 19 0 5  
Hevachlorobutadiene 0 17 0 5  
Hexachloroethane 1 1  0 5  
Indeno( 1 2 3cd)pyrene 0 33 0 5  
Naphthalene 2 1 
Pentachlorophenol 0 095 1 
Phenanthrene 2 7  2 
Q-lene 1 3  2 
Stvrene 
Xvlenes 

0 017 
0 23 

0 3  
4 

Tnchloroethene 120 4 

(I1 In samples collected to 12 feet below ground surface 
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TABLE 2 5 
ROCKY FLATS OU2 

POTENTIAL CHEMICALS OF CONCERN IN GROUNDWATER 
DETECTED AT 5% OR GREATER FREQUENCY 

h m u m  Detection 
Detected Frequencv 

Cone (ma) / 
Organic Compounds 
1 1 1 Tnchloroethane 1 25 
1 1 Dichloroethane 0 66 13 
1 1 Dichloroethene 0 38 26 
1 2 Dichloroethene 0 17 34 
1 2 Dichloroethene cis 1 70 45 
1 2 Dichloroethene trans 0 03 8 
Acetone 0 28 6 
Benzene 0 038 5 
Bis(2ethylhexyl)phtate 0 017 29 
Bromodddoromethane 0 19 6 
Carbon tetrachlonde 20 60 
Chloroform 39 55 
Diethyl phthalate 0 3 1  1 1  
Methylene chlonde 35 18 
Naphthalene 0 085 9 
Tetrachloroethene 14 68 
Toluene 0 1 1  10 
Tnchloroethene 150 61 

Metals and other inorganics (unfiltered samples) 
Alurmnum 1460 99 
Anumony 0 297 22 
Arseluc 0 021 60 
Banum 
Beryllium 

1 1  3 
0 114 

94 
43 

Cadmium 0 078 25 
Chromum 3 36 77 
Cobalt 0 651 61 
Copper 1 3 1  66 
Lead 0 675 93 
Lithium 0 842 86 
Manganese 21 99 
Mercury 0 005 13 
Molvbdenum 0 389 25 
Nickel 2 01 76 
Seleluum 0 3  32 
Silver 0 057 12 
Stronuum 4 24 100 
Thallium 0 006 13 
Tin 0 642 15 
Vanadium 3 14 83 
Zinc 5 29 96 
Nitrate 444 92 
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TABLE2 5 
(concluded) 

U r n u r n  Detecuon 
Detected Frequencv 

Amwty @CA) / 
Radionuclides 
Plutomum 239 240 
Amencium 241 
Stronuum 89 90 

354 6 
46 54 
67  

100 
100 
100 

Cesium 137 1799 100 

(’ Detecuon frequency of radionuclides is designated as 1001 because both posibve and 
negauve analvhcal results are used in the data set for stat~sucal analvsis 
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TABLE 2-6 
ROCKY FLATS OU2 

ORGANIC POTENTIAL CHEMICALS OF CONCERN IN 
GROUNDWATER DETECTED AT 
LESS THAN 5% FREQUENCY 

-mum Detmon 
Detected Frequenm 

Cone ( m a )  / 
Organic Compounds 
1 1 1 2  Tetrachloroethane 0 003 3 
1 1 2 2 Tetrachloroethane 0 18 2 
1 1 2  Tnchloroethane 0 021 2 
1 1 Dichloropropene 0 0001 0 4  
1 2 3 Tnchlorobenzene 0 0004 2 
1 2 3 Tnchloropropane 0 002 1 
1 2 4 Tnchlorobenzene 0 002 1 
1 2 4 Tnmethylbenzene 0 0006 1 
1 2 Dibromo 3chloropropane 0 004 1 
1 2 Dibromoethane 0 013 1 
1 2 Dichloroethane 0 006 2 
1 2 Dichloropropane 0 001 0 2  
1 3 Dichloropropene cis 1 6  1 
1 3 Dichloropropene trans 0 008 1 
1 3 Dichlorobenzene 0 002 1 
1 3 Dichloropropane 0 0003 0 4  
1 3 5 Tnmethylbenzene 0 001 1 
1 4 Dichlorobenzene 0 0003 1 
2 Hexanone 0 005 1 
4 Methyl 2 pentanone 0 01 1 
Benzoic acid 0 056 3 
Bromobenzene 0 001 1 
Bromochloromethane 0 71 2 
Bromoform 0 006 1 
Bromomethane 0 001 03 
Carbon &sulfide 0 0005 1 
Chlorobenzene 0 016 1 
Chloroethane 0 002 1 
Chloromethane 0 32 1 
Di n-butylphthalate 0 003 3 
Dibromochloromethane 0 002 0 2  
Dibromomethane 1 7  0 4  
Dichloroddluoromethane 0 005 1 
Ethvlbenzene 0 015 1 
Heptachlor epolilde 0 00007 3 
Hexachlorobuta&ene 0 0006 2 
m+p Xvlene 0 0003 2 
m Xylene 0 0003 2 
n Butylbenzene 0 001 1 
o Chlorotoluene 0 0003 0 4  

040 1315--008 -8 O)(RI KTZ XLSX 9 ZPMXI) Sheet 1 of 2 



TABLE 2 6 
(concluded) 

Maximum Detecoon 
Detected Frequency 

Cone (ma) / 

p Cymene 0 0001 3 
p Xylene 0 0002 1 
sec Butvlbenzene 0 23 4 
Swrene 0 014 2 
tert Butylbenzene 0 0004 0 3  
Tnchlorofluoromethane 0 0006 3 

p Chlorotoluene 0 0003 0 3  

Vinvl chlonde 0 86 3 
Xylenes total 0 053 1 
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3 0  

DELINEATION OF C 0 N " A N T  SOURCE AREAS 

3 1 RATIONALE FOR SOURCE AREAS 

A source area is defined as an IHSS or group of IHSSs where concentrabons or acbvlbes of 
PCOCs in soil or groundwater exceed an upper bound esbmate of the background range The 
upper bound eshmate of the background range for metals and radionuclides is defined as the 
background mean plus two standard deviabons detected orgmc compounds are considered 
to be above background levels The background comparison methodology and idenbficabon 
of PCOCs were described m Secbon 2 0 

Source areas in OU2 were delineated by evaluatmg the concentrabons and distnbubon of 
PCOCs in three media (surface soil subsurface soil and groundwater) Source areas include 
contaminated soil and associated groundwater contaminant plumes if any To assist in the 
delineanon of contammant source areas concentrahons and acbvihes of inorganic PCOCs 
above the background mean plus two standard deviabons and detected concentrahons of 
organic compounds were plotted by medium The plots for PCOCs in surface soil are shown 
in Appendix B Figures B 1 through B 5 Plots for PCOCs in subsurface soil are shown in 
Appendix C Figures C 1 through C 32 Plots for PCOCs in groundwater are shown in 
Appendix D Figures D 1 through D 13 

Five source areas are idenbfied in OU2 these are listed below and illustrated in Figure 3 1 
IHSSs are idenbfied in Figure 1 1 The physical extent of source areas 1 2 and 3 are 
largely determined by the extent of associated contaminant plumes in groundwater The 
rahonale for their delineabon is presented in more detad in the rest of this sechon The five 
source areas are 

(1) 903 Pad Source Area including (a) IHSSs 109 (Trench T 2) 112 (903 Pad) 
140 (Reachve Metal Destructlon Site) 155 (903 Lip Area) and 183 (Gas 
Detoxificabon Area) at the 903 Pad area (b) a groundwater contaminant 
plume extending north and northeast of the 903 Pad area toward the South 
Walnut Creek dramage and extending south and southeast of the 903 Pad area 

(4040-1315-008CL872) (RISK 3) (09 22 94 11 29m) (I) 3 1  



toward the Woman Creek dramage and (c) surface soil and subsurface soil 
within the area defined by the extent of the groundwater plume The plume 
boundary incorporates a pornon of Trench T 5 (IHSS 11 1 2) Trenches T 9 
(IHSS 111 6) T 10 (IHSS 111 7) T 11 (IHSS 111 8) T 12 and T 13 and 
most of the East Spray Fields (IHSSs 216 2 and 216 3) These trenches and 
spray fields are located within the area defined by the extent of groundwater 
contaminant plume but probably do not contnbute to it 

(2) Mound Source Area mcluding (a) IHSSs 108 (Trench T 1) 113 (Mound 
Area) 153 (Chl Bum Pit No 2) and 154 (Pallet Bum Site) in the Mound 
area (b) a groundwater contaminant plume extendmg north and northeast of 
the Mound area toward the South Walnut Creek dranage and (c) surface soil 
and subsurface soil within the area approximately defined by (a) and (b) 

(3) Northeast Trenches Source Area including (a) Trenches T 3 and T 4 (IHSSs 
110 and 111 1) (b) a groundwater contaminant plume extendmg north of 
Trenches T 3 and T 4 toward the South Walnut Creek dranage and (c) 
surface soil and subsurface soil located within the area defined by the extent 
of the groundwater plume 

(4) Southeast Trenches Source Area including (a) the p o ~ o n  of Trench T 5 
(IHSS 111 2) that has no underlying groundwater and Trenches T 6 (IHSS 
111 3) T 7 (IHSS 111 4) and T 8 (IHSS 111 5) and (b) surface soil and 
subsurface soil within the area approximately defined by (a) No UHSU 
groundwater is present in this area 

(5) East of IHSSs Source Area including (a) UHSU groundwater east of the 
previously described source areas extending to Indiana Street and bounded by 
South Walnut Creek to the north and Woman Creek to the south and (b) 
surface soil and subsurface soil within the area defined in (a) There are no 
IHSSs in this area with the excepuon of a pornon of the East Spray Field 
(IHSS 216 3) 

(404@1315-008CL872) (RISK 3) (09 22 W 11 29.m) (1) 3 2  



8 
I 
f 
I 
I 
3 
5 

The following subsecbons descnbe the concentrabons and distribubon of PCOCs in the three 

media Surface soil PCOCs are presented on an OU wide basis but the subsurface soil and 
groundwater PCOCs are presented by source area 

3 2  SURFACESOIL 

Surface soil samples were collected across OU2 in a gnd pattern extending to Indiana Street 
however some sample locabons were biased toward high concentrabons and specifically 
collected in IHSSs The chief PCOCs in surface soil are Am 241 Pu 239 240 and 
polycyclic aromabc hydrocarbons (PAHs) Am 241 and Pu 239 240 are widely distnbuted 
in surface soil (Figure B 4) due to wind dispersion from hstonc releases near and wthm the 
industrialized pornon of the plant PAHs (which can result from vehicle traffic or other 
commonplace combusbon sources) are widely distnbuted across the site and are beheved to 
be the result of anthropogenic sources rather than waste related contaminabon (Figure B 1) 
Consequently the distnbubon of PCOCs rn surface soil did not provide a meamngful guide 
to identifying contaminant source areas in OU2 Therefore subsurface soil and groundwater 
contaminauon were used as the basis for delineabng source areas 

3 3 903 PAD SOURCE AREA 

The extent of the 903 Pad Source Area is shown in Figures 3 1 and A 2 It includes IHSSs 
at the 903 Pad area and soil and groundwater withm the area defined by the groundwater 
contaminant plume extending from the 903 Pad area 

In subsurface soil at this source area the chief contaminants observed were chlorinated 
solvents at Trench T 2 (IHSS 109) Am 241 and Pu 239 240 at the 903 Pad (IHSS 112) the 
Reacbve Metal Destrucbon Site (IHSS 140) the 903 Lip Area (IHSS 155) and the 
polychlorinated biphenyl (PCB) Aroclor 1254 (detected at about 6 mg/kg in the 2 to 8 foot 
interval in bonng 8691 at the 903 Pad) For example maximum concentrabons of 
tetrachloroethene (PCE 10 mg/kg at 15 feet in BH2587) and tnchloroethene (TCE 16 mg/kg 
at 19 feet in BH2587) were detected in subsurface soil at Trench T 2 Maximum 
concentrabons are lower in the 0 to 12 foot interval evaluated in the nsk based screen For 
example maximum concentrabons of PCE and TCE in this interval were 0 13 mg/kg and 
0 1 mg/kg respezbvely both in BH2587 at Trench T 2 VOCs were detected in lower 

(4040-1315 0080-872) (RISK 3) (09-22 94 11 29.m) (1) 3 3  
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concentrabons (about 0 4 mg/kg or less) in subsurface soil beneath the 903 Pad and other 
IHSSs in the vicimty of the 903 Pad Concentrabons of VOCs are relatwely constant or 
increase with depth and extend to the water table 

Am 241 (at 12 to 25 pCi/g) and Pu 239 240 (at 68 to 180 pCi/g) were observed in subsurface 
soil samples beneath and east of the 903 Pad to depths of about 20 feet Radionuclide 
acbvibes tend to decrease with depth below ground surface These radionuclides were 
detected at lower levels (0 2 to 6 pCi/g) in subsurface soil at Trench T 2 and in samples 
collected outside of the IHSS boundmes 

UHSU groundwater in the vicinity of the 903 Pad is contaminated with chlonnated solvents 
Elevated levels of metals and radionuclides were also observed m unfiltered samples 
Solvents in subsurface soil in the vicinity of the 903 Pad (IHSS 112) and Trench T 2 (IHSS 
109) are the probable source of organic contaminants in groundwater Maximum 
concentratlons of carbon tetrachlonde (20 mg/L in well 0669 1) chloroform (39 mg/L in well 
0669 1) methylene chlonde (35 mg/L in well 0669 1) and PCE (14 mg/L in well 0889 1) were 
observed in alluvial groundwater near the 903 Pad (IHSS 112) The maxlmum concentrabon 
of TCE (140 mg/L in well 07391) was observed in alluvial/colluvial groundwater near Trench 
T 2 (IHSS 109) 

Alluvial groundwater flowing east northeast from the 903 Pad follows an alluvium filled 
bedrock palmscour and discharges to the South Walnut Creek dramage at a surface seep 
located south of Pond B 5 Contaminant concentrabons decrease with distance to the east 
northeast away from the 903 Pad area Alluvial groundwater flowing south southeast from 
the 903 Pad area discharges to colluvium on the south facing slope of the Woman Creek 
Dramage Concentrabons decrease with distance south southeast from the 903 Pad and 
decrease with distance south from Trench T 2 (IHSS 109) 

The No 1 Sandstone unit of the UHSU subcrops beneath the alluvium immediately west of 
the 903 Pad (IHSS 112) and beneath the bedrock paleoscour east of the 903 Pad 
Groundwater within the No 1 Sandstone flows north toward the South Walnut Creek 
dramage and south toward the Woman Creek dramage Contaminant concentrabons within 
the No 1 Sandstone decrease with distance away from the 903 Pad area However in the 
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vicinity of the Northeast Trenches contaminant concentrahons within the No 1 Sandstone 
increase significantly 

Am 241 and Pu 239 240 were detected at maximum achvihes of 46 5 and 180 pCi/L 
respechvely (at the 903 Pad [IHSS 1121 well 09091) in unfiltered groundwater samples 

A porhon of Trench T 5 (IHSS 1 1  1 2) Trenches T 9 through T 11 (IHSS 11 1 6 through 
11 1 8) and Trenches T 12 and T 13 are located within the area defined by the groundwater 
plume extending from the 903 Pad area However these trenches do not appear to be 
sources of groundwater contammahon because the concentrahons observed in groundwater 
at these trenches are similar to upgradient concentrabons 

Subsurface soil samples collected at these trenches show neghgible to low levels of organic 
contaminahon For example the maximum concentrahon of any volatde organic analyte was 
0 2 mg/kg of acetone at approximately 22 feet below ground surface in BH5387 in Trench 
T 5 IHSS 11 1 2 However several subsurface soil samples conmned Am 241 and Pu 
239 240 above background levels For example the maximum achvity of Am 241 was 
0 16 pCi/g (at 28 feet below ground surface in BH4787 just north of Trench T 9 IHSS 
11 1 6) and the maximum achvity of Pu 239 240 was 0 253 pCi/g (in the 2 to 8 foot mterval 
in borehole 07891 in Trench T 11 IHSS 11 1 8) 

Because Trench T 5 and Trenches T 9 through T 13 do not appear to be a source of 
contaminahon to groundwater but are located within the area defined by the groundwater 
plume extending from the 903 Pad area they are considered wthin the 903 Pad Source Area 

3 4 MOUND SOURCE AREA 

The Mound Source Area is shown in Figures 3 1 and A 2 It incorporates IHSSs at the 
Mound area (Figure 1 1) and a groundwater contaminant plume extending north and northeast 
from the Mound area IHSSs toward the South Walnut Creek dratnage 

Releases from former drum storage achvities at IHSS 113 (the Mound Site) are suspected to 
be the chief source of soil and groundwater contaminatron in the Mound Source Area In 
subsurface soil concentrahons of chlorinated solvents such as PCE and TCE increase with 



depth to about 25 feet then decrease to a depth of about 50 feet For example the maximum 
detected concentrahon of PCE in subsurface soil was 0 180 mg/kg at about 20 feet below 
ground surface (borehole 09991) decreasing to 0 007 mg/kg at 50 feet in adjacent borehole 
21793 (Figure C 8) These concentrabons are low and do not suggest the presence of a 
conhnuing source to groundwater at the locahons sampled However a soil vapor survey 
conducted in this area detected a single loahon at 10 feet below ground surface in IHSS 113 
that exhibited a high concentrahon of total VOCs (> 35 OOO pg/L) in IHSS 113 (DOE 
1994c) Aroclor 1254 was detected in two samples at 0 07 and 0 21 mg/kg Figure C 11) 
Am 241 (maximum achvity of 0 48 pCi/g) Pu 239 240 (maximum acbvity of 2 6 pCi/g) and 
U 238 (maximum achwty of 3 1 pCi/g) were also detected above background levels in 
subsurface soils in this area (Figure C 13) 

UHSU groundwater in the Mound Source Area is contaminated with chlonnated solvents 
(pnmmly TCE and PCE) and radionuclides above background levels in unfiltered samples 
For example maximum concentrabons of PCE (13 mg/L) and TCE (0 41 mg/L) were 
observed in well 02091 in the No 1 Sandstone to the north and northeast of the Mound Site 
(IHSS 113) (Figure D 2) The alluvium is only saturated dunng the high water penod 
(usually in the second quarter i e April through June) when the palmscour fills 
Groundwater contammauon extends north toward the South Walnut Creek dramage Vinyl 
chlonde has also been detected (maximum concentrabon of 0 86 mg/L) in well 3586 north 
of the Mound Area (Figure D 3) but the source IS unknown since this compound has not 
been detected in upgradient wells in OU2 Well 3586 is screened in the valley fill alluvium 

Chlonnated solvents Am 241 and Pu 239 240 have also been observed in seep water 
samples collected north of the Mound Area in the South Walnut Creek dramage 

3 5 NORTHEAST TRENCHES SOURCE AREA 

The Northeast Trenches Source Area is shown in Figures 3 1 and A 2 It incorporates 
Trenches T 3 (IHSS 110) and Trench T 4 (IHSS 111 1) and a groundwater contaminant 
plume extending north toward the South Walnut Creek dranage 

Contaminants released from bund materials in Trenches T 3 and T 4 are the probable 
sources of subsurface soil and groundwater contaminabon in this area Concentrabons of 
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chlorinated hydrocarbons in subsurface soil decrease with depth but extend to the water table 
(Figure C 15) Maximum concentrahons of carbon tetrachlonde (700 mg/kg at 16 feet in 
bonng 10191) chloroform (8 8 mg/kg at 3 feet in bonng 10191) 1 1 1 mchloroethane 
(27 mg/kg at 16 feet in bonng 10191) PCE (13 0oO mg/kg at 3 feet in bonng 10191) and 
TCE (120 mg/kg at 3 feet in bonng 10191) were detected Bonng 10191 is located in 
Trench T 3 (IHSS 110) Nonaqueous phase VOCs were also observed in this borehole 
PAHs DDT and Aroclor 1254 were detected in the 2 to 8 foot interval in bonng 10291 m 
Trench T 4 (Figures C 17 and C 18) Several metals were also observed in concentrabons 
exceeding background levels (Figure C 19) Elevated concentrabons of arsenic lead and 
silver were observed in samples at Trench T 3 elevated levels of beryllium cadmium 
chromium copper lead silver and zinc were observed in subsurface soil samples at Trench 
T 4 Some of these metals may be naturally occumng 

Several radionuclides (Am 241 Pu 239 240 and uranium isotopes) were also observed at 
achvihes above background levels in subsurface soil (Figure C 20) 

The Northeast Trenches are located at the northern edge of the saturated alluvium in OU2 
therefore the alluvium is saturated only intermittently Groundwater in the No 1 Sandstone 
flows north and discharges to colluvium in the South Walnut Creek dramage 

Groundwater contaminahon in the vicinity of the Northeast Trenches appears to be denved 
from contaminants released from Trenches T 3 and T 4 Chlonnated hydrocarbons were 
observed in the alluvium in the paleoscour immediately east of Trench T-4 and in the No 1 
Sandstone beneath and to the north of the trenches For example maximum concentrabons 
of TCE (94 mg/L in well 3687) carbon tetrachlonde (4 5 mg/L in well 12691) and PCE (1 
mg/L in well 12691) were detected VOC contaminahon extends north toward the South 
Walnut Creek dramage near Ponds B-1 and B 2 and based on vegetabon is believed to 
discharge above or into these ponds 

3 6 SOUTHEAST TRENCHES SOURCE AREA 

The Southeast Trenches Source Area is shown in Figures 3 1 and A 2 The source area 
includes surface soil and subsurface soil at and in the vicinity of T 5 through T 8 (IHSSs 
11 1 2 through 1 1  1 5) Porhons of the Southeast Trenches area where groundwater is present 
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have been excluded so there is no groundwater associated with this source area The low 
concentrahons of PCOCs detected in subsurface soil do not appear to contribute to 
groundwater contaminahon detected in alluvial wells to the north and east (Groundwater 
contaminahon to the north and east is attnbuted to contaminant sources at the 903 Pad Source 
Area ) 

In general VOC levels in subsurface soil in the Southeast Trenches Source Area are low 
(Figures C 22 and C 23) VOCs measured in subsurface soil samples collected at Trenches 
T 5 through T 8 were 

the common laboratory contaminants acetone (5 to 31 pglkg in undiluted 
samples) 2 butanone (1 to 67 pg/kg) and methylene chlorrde (4 to 17 pg/kg) 

toluene which is a suspected field contaminant (2 to 56 pg/kg in undiluted 
samples) 

trace concentrabons (2 to 5 pg/kg) of ethylbenzene and the chlorinated 
hydrocarbons chloroform 1 1 1 trichloroethane and PCE 

low concentrabons of 1 2 dichloroethane (5 to 100 pglkg) and 

trace concentrahons of xylenes (2 to 18 pg/kg) 

Maximum concentratlons of bis(2 ethylhexy1)phthalate (66 J pglkg) (a common laboratory 
contaminant) N nitrosodiphenylamine (84 J pglkg) and pentachlorophenol (41 J pg/kg) were 
also detected (Figure C 24) These compounds were detected in 1 to 6 samples out of 
approximately 60 samples analyzed for semivolables In addibon some metals (arsenic 
barium cadmium lead and strontmm) and Am 241 and Pu 239 240 were detected at 
concentrabons above background in some subsurface soil samples (Figures C 26 and C 27) 

3 7 EAST OF MSSs SOURCE AREA 

This area includes the soil and groundwater east of the OU2 IHSSs beyond the previously 
described source areas (Figures 3 1 and A 2) There are no IHSSs within this source area 

(404~1315-0080872) (RISK 3) (09 22 94 11 2 h )  (1) 3 8  



with the excepbon of a pornon of the East Spray Field (IHSS 216 3) PCOCs in surface soil 
in this area include Am 241 and Pu 239 240 (Figure B 4) and widespread occurrences of low 
concentrabons (less than 0 2 mg/kg) of individual PAHs (Figure B 1) which are probably 
ambutable to vehicle emissions or other commonplace combusuon sources Groundwater 
wells in this area include four wells on the pediment south of the B 5 Pond beyond the m a n  
discharge point (seep) of the 903 Pad plume one well in the colluvium on the south facmg 
slope of the Walnut Creek dramage and five wells along Indiana Street Volatde organic 
PCOCs in groundwater are limited to trace levels Examples of maximum detected 
concentrations are TCE (0 7 pg/L) PCE (0 7 pg/L) methylene chloride (0 6 pg/L) and 
chloroform (0 4 pg/L) in wells on the pediment south of the B 5 pond (South Walnut Creek) 
and methylene chlonde (3 3 pg/L) PCE (0 11 pg/L) and TCE (0 4 pg/L) in Well 41591 
at Indiana Street These data are shown in Figures D 1 through D 4 Am 241 (maximum 
actwity of 0 47 pCi/L) and Pu 239 240 (maximum achvity of 2 2 pCi/L) were also measured 
in some samples from wells at Indiana Street (Figure D 11) Several metals are idenbfied 
as PCOCs in groundwater on the basis of unfiltered samples these metals are associated with 
high suspended solids in the unfiltered samples (resulbng from difficulty in sampling wells 
with low yields) 

3 9  



4 0  
CALCULATION OF RISK BASED CONCENTRATIONS 

RBCs are chemical concentmbons m sod and groundwater that are not expected to pose a 
health nsk even under long tern exposure They are calculated usmg consemabve 
assumpbons r e g a g  exposure toxlcity and acceptable nsk The purpose of developmg 
chemical specific RBCs and companng them to concentmbons of PCOCs at each source area 
is to provide prehmary screemng level mformabon on the relabve magmtude of chemical 
contammabon at source areas and to idenHy those PCOCs that may pose a human health 
nsk assummg long term exposure to maxllllum detected concentrabons This mformaOon 
can be used 111 the prehmary selection of remedial altemabves pnor to the complehon of 
the HHRA and can also identdy source areas where no further acbon is requlred RBCs 
should not be used as a subsbtute for a complete HHRA as a stand alone decision malung 
tool or as site speclfic cleanup levels 

For this nsk based screen RBCs wefe calculated assumrng long term residentd exposure 
to soil and groundwater RBCs for residentd exposure to sod are calculated assumrng 
ingestion inhalation of parhculates and external radmbon pathways RBCs for groundwater 
are calculated assummg mgesbon and lnhalatibn of VOCs r e l d  during domestic use 
Separate RBCs are calculated for camnogemc and noncarcmogemc effects of chemicals 
RBCs for carcinogens are calculated based on a 1 III 1 OOO OOO (lo") excess cancer nsk 
level RBCs for noncancer effects of chemicals are calculated based on a hazard quotient 
of 1 (DOE 1994b) General equabons for calculatmg RBCs are 

Target Cancer Rwk Level 
In& Factor x Cancer Slope Factor 

Carcmnogenrc RBC = 

Target Hazard Index x Reference Dose 
Intake Factor 

Noncarcrnogenrc RBC = 

(40401315 0080-872) (RISK 4) (09 21 94 7 22pm) (1) 4 1  
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The target cancer nsk is equal to lod and the target hazard mdex is equal to 1 The 
reference doses (RfDs) and cancer slope factors (SFs) are chemical speclfic EPA estabhshed 
toxlcity factors they are presented m DOE 1994b Intake factors are an assumption of dady 
intake of sod or groundwater per kdogram body weight The exposure parameters and other 
factors used to denve the mtake factors for calculatmg RBCs are discussed m d e w  below 
All exposure assumpbons are EPA standard default values (EPA 1991a) 

4 1 RESIDENTIAL EXPOSURE TO SOIL 

RBCs for residentd exposure to chemicals m sod were calculated usmg standard tomcity 
values (RfDs for noncancer effects and SFs for carcmogemc effects) estabhshed by EPA 
(DOE 1994b) Ingesbon mhalabon of pmculates and external radmbon are the exposure 
routes used m calculatmg residentd sod RBCs To calculate RBCs for carcmogemc effects 
due to exposure to chemicals the target excess hfetme cancer nsk is assumed to be 1Q6 (1 
m 1 OOO OOO) the exposure frequency is 350 days/year exposure duration is 30 years 
averagmg tune is 70 years the dady rnhalation rate for anborne paxt~culates is 20 m3/day 
the soil particulate emission factor (for nonvolatde orgmcs and morgan~cs) is 4 63 x lo9 
m3/kg sod and the age adjusted soil mgeshon factor is 114 mg yr/kg day 

To calculate RBCs for noncarcmogens in residentd sod the exposure parameters are the 
same as those for carcmogemc effects except the averagmg tme is 30 years and the target 
hazard quobent of 1 replaces the target excess cancer nsk 

All exposure parameters are EPA standard default exposure assumpbons for adult residents 
except for the sod mgesbon rates wluch is a tme weighted average for chdd and adult 
exposures The sod mgesbon make factor takes lnto account the Ingestion of 200 mg/&y 
of sod by chddren ages 0 6 the standard default body weight for chlldren of 15 kg the adult 
ingestion rate of 100 mg/day dunng the remamng 24 years of the 30 year exposure durabon 
and the default adult body weight of 70 kg 

RBCs for ra&onuclides m sod are calculated usmg the same mtake parameters as the 
exposure to chemicals with the following excepbons body weight is not mcluded in the 
equations the age adjusted soil mgestion factor is 3 600 mg yr/day and a gamma sheldmg 

(4040-1315 0080-872) (RISK 4) (09 21 94 f 22pm) (1) 4 2  
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factor of 0 2 and a gamma exposuE factor of 1 are mcluded m the equaaon for external 
radiahon exposure 

4 2 RESIDENTIAL EXPOSURE TO GROUNDWATER 

RBCs for residentd exposure to chemicals m groundwater were calculated assummg 
mgestion of groundwater as dnnlung water and mhalahon of VOCs released dunng domesoc 
use To calculate RBCs for carcmogens the target excess hfeme cancer nsk is lo6 body 
weight is 70 kg averagmg tune is 70 years exposure frequency is 350 dayslyear exposure 
durahon is 30 years M y  mdoor mhalahon rate is 15 m3/day the volathzabon factor for 
VOCs is 0 5 Wm3 and the dady mgesbon rate is 2 Uday To calculate RBCs for 
noncarcmogemc effects all of the exposure parameters are the same except the averagmg 
tune is 30 years and the target hazard mdex of 1 replaces the target excess hfetlme cancer 
nsk 

RBCs for rahonuchdes m groundwater are calculated usmg the same target cancer nsk 
exposure frequency exposure duration and dady water mgestion rate used m calculatmg 
RBCs for chemical carcmogens All exposure parameters are EPA standard default exposure 
assumptions for adult residents 

4 3 CHEMICAGSPECIFIC RBCs 

Chemical specific RBCs were calculated using the above exposure assumphons EPA 
chemical tomcity factors (RfDs and SFs) and a target cancer nsk of loa and hazard mdex 
of 1 The toxlcity factors and RBCs are presented m DOE 1994b RBCs for PCOCs m 
OU2 are shown m the tables accompanymg Secaon 5 0 

(4040-1315 0080872) (RISK 4) (Os 21 94 7 22pm) (1) 4 3  



5 0  
RISK BASED SCREENING EVALUATION FOR SOURCE AREAS 

5 1 RISK BASED SCREENING PROCESS 

The fmt step m the nsk based screen is to divide the maxtmum concentrabon of each PCOC 
m sod and groundwater m each source a m  by the chemical speclfic RBC for residenbal 
exposure to yield an RBC rabo as shown m the followmg equabon 

Maxamum detected concenCratron 
Rrsk-based concentranon 

mc&ho = 

The chemical speclfc rabos m that source area and m d u m  are then summed to provide a 
ratio sum (multiple chemical) for the medium If a receptor is assumed to be exposed to 
more than one medium m a source area (for example hypothetical residents are assumed to 

be exposed to both soil and groundwater) the ratio sums for al l  relevant medn are combmed 
to provide a total moo sum (mulbple chemical mulb m a )  for that exposure scenano The 
residentml scenano assumes that excavabon has taken place pnor to residentml development 
and the resident may be exposed to sod to a depth of 12 feet Therefore maxlfnum 
concentrations of PCOCs m sod were identlfed from samples collected to a depth of 12 feet 

The total raho sums for cancer or noncancer effects are an mdubon of potenml nsks to the 
receptors assummg long term exposure to maxlmum detected concentrabons of PCOCs in 
sod and groundwater For carcmogens a total rabo sum of less than 1 mchcates a total 
excess hfebme cancer nsk of less than 10-6 (1 in 1 OOO OOO) from long term exposure to the 
maxlmum concentrations of PCOCs m that source area A total rabo sum for cafcmogens 
that is greater than 1 but less than 100 indicates a total excess Metme cancer nsk between 
10' (1 in 10 OOO) and 10-6 whch is the target cancer nsk range that EPA has adopted to 
guide remedial decisions at hazardous waste sites (40 CFR 300) Where cancer nsks 
esbmated m a baselme HHRA do not exceed 104 remedmbon is not generally warranted 
unless noncarcmogenic effects or ecological nsks are sigmfkant (EPA 1991b) A total raoo 
sum for carcmogens that is greater than 100 mdicates a potentdy unacceptable cancer nsk 
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from long term exposure to maxllllum detected concentrations For noncarcmogens a rabo 
or rat10 sum less than or equal to 1 mdicates no toxc effects are expected A 
noncarcmogemc total rabo greater than 1 mdicates that there may be cause for concern for 
noncarcmogemc effects 

Thls nsk based screen is consematwe because it assumes that a long term resident wdl be 
routmely exposed to the maxunum concentrabons of contammants found in sod and 
groundwater The scTeen does not confirm that an actual nsk exsts Ratio sums greater 
than 1 or 100 mhcate that the area warrants further evaluabon but the rat~os do not mdicate 
that an actual health threat is present 

If either the carcmogemc or noncarcmogemc total ratio sum is greater than 1 0 0  that source 
area may be idenMied by DOE as a candidate for an early acbon Source areas with rabo 
sums greater than 100 as well as those with rabo sums between 1 and 100 wdl be evaluated 
further in the basehe HHRA for OU2 If both the carcmogemc and noncarcmogemc total 
ratio sums are less than one the source area is a canhdate for no further acbon based on 
human health nsk In these cases the mcremental nsk from dermal exposure is evaluated 
to confirm that the total rabo sums mcludmg dermal exposure are sbll less than one 

5 2 RATIO SUMS MIR SOURCE AREAS 

5 2 1 903 Pad Source Area 

In the 903 Pad Source Area 60 PCOCs were detected m sod to 12 feet The carcmogenic 
and noncarcmogemc rabo sums for sod based on residentd exposure are 3 460 and 4 5 
respectively (Table 5 1) Pu 239 240 Am 241 and arsenic m subsurface soil found in the 
surface sod are the greatest contnbutors to the ratio sum In groundwater 87 PCOCs were 
identlfied Both the carcmogemc ratio sum (334 OOO) and the noncarcmogemc ratio sum 
(1 280) exceed 1 (Table 5 2) based on long term residentd exposure to maxlfnum detected 
concentrations 1 1 Dichloroethene carbon tetrachlonde chloroform cis 1 3 
dichloropropene and tnchloroethene are the major contnbutors to the carcmogemc rabo 
sum carbon tetrachlonde chloroform and cis 1 3  dlchloropropene are the major 
contnbutors to the noncarcmogemc rabo sum m groundwater 

' I  
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The total carcmogemc and noncarcmogemc raho sums for the residentml scenano are the 
sums of the ratios for sod and groundwater At the 903 Pad Source Area both the 
carcmogemc and noncarcmogemc total raho sums for the hypothetical resident are greater 
than 100 (337 460 for carcinogens and 1 284 for noncarcmogens as shown on the summary 
Table 5 10) 

5 2 2 Mound Source Area 

At the Mound Source Area 43 PCOCs were detected m soil to 12 feet The carcmogemc 
ratio sum for sod is 81 1 and the noncarcmogemc ratio sum is less than 1 (Table 5 3) 
Pu 239 240 Am 241 Aroclor 1254 and -lor 1260 whch are all found at theu 
maxltnum concentrabons m surface sod are the mam contnbutors to the mho sums m sod 
In groundwater 58 PCOCs were detected The carcmogemc rabo sum is 41 500 and the 
noncarcmogemc ratio sum is 83 7 (Table 5 4) based on long term residentd use of 
groundwater contamng maxzmum detected concentrations Vmyl chlonde and 
tetrachloroethene are the major contnbutors to the carcmogemc mbo sum tetrachlomethene 
and antunony are the major contnbutors to the noncarcmogemc mho sum m groundwater 
Antimony may be naturally occumng and not a result of environmental contammabon 

The total carcmogemc and noncarcmogemc raho sums for the residenml scenano is the sum 
of the ratios for sod and groundwater At the Mound Source Area both the carcmogemc 
and noncarcinogemc total rabo sums (41 581 and 84 respecbvely) exceed 1 pnmardy due 
to groundwater contammants (see summary Table 5 10) 

5 2 3 Northeast Trenches Source Area 

At the Northeast Trenches Source Area 59 PCOCs were detected m sod to 12 feet The 
carcmogenic rabo sum for soil based on residentd exposure is 1390 and the 
noncarcmogemc ratio sum is 7 34 (Table 5 5) Carbon tetrachlonde and tetrachloroethene 
are the major contnbutors to the carcmogemc rabo sums m sod to 12 feet In groundwater 
54 PCOCs were detected The carcinogemc ratio based on residenbal exposure to m-um 
detected concentrabons IS 70 900 and the noncarcmogemc ratio is 363 (Table 5 6) 1 1 
Dichloroethene carbon tetrachlonde chloroform tnchloroethene and berylhum are the 
major contnbutors to the carcmogemc ratio sum carbon tetrachlonde alummum 

(4040-3315-0080872) (RISK 5) (09 21 94 7 22pm) (I) 5 3  
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manganese and vanahum are the major contnbutors to the noncarcmogemc ratio sum m 
groundwater The metals m groundwater are hkely to be naturally occumg and assoclated 
with elevated total suspended sohds (TSS) m the groundwater samples Elevated levels of 
TSS can occur when there is msufficient groundwater at the momtomg well to permit 
adequate development pnor to samplmg 

The total rat10 sums for the residential scenano is the sum of the ratios for sod and 
groundwater At the Northeast Trenches Source Area both the carcmogemc and 
noncarcmogemc total ratios (72 290 and 370 respectively) for the hypothetical resident 
exposed to sod and groundwater are greater than 100 (see summary Table 5 10) 

5 2 4 Southeast Trenches Source Area 

At the Southeast Trenches Source Area 34 PCOCs were detected ln sod to 12 feet The 
carcmogemc rabo sum for sod based on a residentd exposure is 64 3 and the 
noncarcmogemc ratio sum is less than one (Table 5 7) Pu 239 240 and Am 241 m surface 
sod are the major contnbutors to the rat10 sum There is no groundwater assoclated with 
the Southeast Trenches Source Area 

5 2 5 East of IHSSS source Area 

At the East of MSSs Source Area 31 PCOCs were detected m soil to 12 feet The 
carcmogenic and noncarcmogemc rat10 sums are 95 4 and 0 3 (Table 5 8) The mam 
contnbutors to the carcmogemc ratio sum are Pu 239 240 Am 241 U235 and 
benzo(a)pyrene m surface sod In groundwater 30 PCOCs were detected mostly metals 
(20 analytes) and trace concentrations (< 10 pg/L) of orgmcs (8 analytes) The 
carclnogemc ratio sum IS 671 and the noncarcmogemc ratio sum is 33 8 (Table 5 9) 

The total ratio sums for the hypothetical residend scenano is the sum of the ratio sums for 
sod and groundwater At the East of MSSs Source Area the carcmogenic total ratio sum 
for the hypothetical resident is 766 4 and the noncarcmogemc total ratio sum is 34 14 (Table 
5 10) 

(4(340-1315-0080-872) (RISK 5) (09 21 94 7 22pm) (1) 
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Arsemc berylhum and Pu 239 240 m groundwater are the major contnbutors to the 
carcmogemc total rabo sum arsemc manganese and vanadium are the major contnbutors 
to the noncarcmogemc rabo sum for groundwater The maxlmum concentrabons of all metal 
and radionuchde PCOCs except hthmm and mtrate were observed m momtonng wells 
41591 41691 and 286 all of whch are located at Indma Street remote from potentd 
sources of sod and groundwater contammabon near the mdustnahzed porhon of the plant 
Furthermore undssolved metals and radionuchdes are relabvely lmmobde and are not 
readdy transported m groundwater Therefore the occurrences of hgh metals and 
radionuchde concentrahons m wells at Indmna Street are not lrkely to be the result of 
contammant transport from upgradient sources The elevated levels of metals and 
radionuchdes 111 these groundwater samples are most lrkely associated with hgh TSS m the 
water samples As stated earher hgh TSS can occur when msufficient water is present m 
the saturated zone to adequately develop the well pnor to samphg Except for well 41691 
whch is in the Walnut Creek Dmage  momtonng wells at Indma Street are often dry 

Compmson of metals and ra&onuchde concentrations with TSS from well 41691 has shown 
a strong correlabon For example correlahon coefficients of 0 994 for manganese 0 91 for 
plutonium 239 240 and 0 98 for amencium 241 have been calculated These coefficients 
are very high (close to 1) and mdicate that the manganese and radionuchde activities are 

almost entirely due to TSS whch is not evidence of contammabon but rather of physical 
aquifer conditions and well development hitabons 

5 5  
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TABLE5 1 
ROCKY FLATS OU2 

RBC SCREEN FOR THE 903 PAD SOURCE AREA 
SOIL TO 12 FEET (RESIDENT) 

Maxnnum Location of Depth m Feet Ratio of 

or Actlwty 
Conc ntration Marunum of Marnnum Residennal Sod RBCs Coacentratlon to RBC 

Anawe Concentrahon Conc ntration Carcmog n Noncarcmogen Carcinogen Noncarcmogen 
Organics (mg/kg) 
1 1 1 Tnchlorocthane 
1,2 D chloro thane 
12 Dichloroethene 
2 Butanone 
4 Methyl 2 pentanon 
Acetone 
Carbon disulfide 
C rbo tetachlonde 
Chloroethane 
Chloroform 
Ethvlbenzene 
Methylene chlonde 
Tetrachloroethene 
Toluen 
Totalxvle s 
Tn hloroethene 
1 4 Dichlorobenzene 
2 Methvlnaphthalene 
Acenaphthene 
Benzo(a)anthracene 
Benzo(a)pvrene 

B nzo(b)fluoranthe 
Benzo(k)fluoranthene 
B nzo c acid 
B s(2-ethvlh xyl)phth lat 
Butvl benzyl phthalate 
Chrvsene 
D n butvl phthalate 
D n-octylphthalat 
Fluoranthme 
N nitrosod phenylamine 
Pentachlorophenol 
Phenanthrene 
Pyrene 

PestmdedPCB (rngkg) 
A oclo 1'54 

Inorganics (rnglkg) 
Arsenic 

Banum 
C d m  m 
Chromium 
Cobalt 
Lead 
L thrum 
Mang nese 
M rcurv 

0 13 
0 12 
0 09 
0 12 
0011 
0 81 
0 14 
0 17 

0 007 
0 051 
0 026 
0 026 
0 13 
0 55 
0 23 
01 

0 043 
0 16 
0 058 
0 16 
0 25 
0 24 

0 069 
0 2  
3 4  
0 52 
0 21 

1 
0 26 
0 39 
0 25 

0041 
0 3  
0 57 

5 9  

29 6 
1899 
5 6  

73 1 
38 5 
145 
22 8 
3160 
114 

BH4387 
BH5487 
0799 1 

BH4387 
0799 1 

BH5587 
BH4787 
0669 1 

BH2587 
0669 1 
0799 1 
0749 1 

BH2587 
0879 1 
0799 1 

BH2587 
0889 1 
0799 1 
0889 1 

SS200 193 
0799 1 

SS200 193 
SS200193 
SS20 1 193 
BH2887 
0679 1 
0799 1 

SS200 193 
BH2587 

SS200 193 
BH5487 
BH5487 
0799 1 
0799 1 

0869 I 

BH5487 
BH2587 
BH4387 
0709 1 

B3 15289 
PTO57 

ss200 I93 
46792 

BH2987 

10 
2 4  
3 

7 7 9  
3 
3 

8 9  
6 5  
0 9  
10 5 
3 
3 

0 9  
1 8  
3 

0 9  
8 14 
" 8  
8 14 

0 
2 8  
0 
0 
0 

0 9 3 7 5  
8 14 
2 8  
0 

0 9  
0 

2 4  
2 4  
2 8  
2 8  

'8 

6 - 5  
0 9  

1 1 6  
8 14 
11 15 

0 
G 

10 15 
0 IO 
n 

7 04E-00 

4 93E-i-00 

105E-02 

8 54E+01 
1 23E-01 

5 82E-01 
2 67E+O 1 

8 77E-01 
8 77E-02 
8 77E-0 1 
8 77E+OO 

4 57E-01 

8 77E-0 1 

131E+02 
5 34E+00 

8 32E-02 

3 66E-01 

2 47E+03 
165E+05 
137Et04 
2 74E+04 

1 92E+O2 

2 74E-03 
2 74E+04 
165E+04 
2 74E+03 
5 49E+04 
5 49E-05 

2 74EQ4 

165E+04 

1 10E-06 
5 49E-03 
5 49E+04 

2 74E-04 
5 49E+03 
1 10E-04 

8 23E103 

8 23E+03 

1 92E-01 

8 23E-0 1 
I 92E-04 
1 37E+02 
2 74E-05 

1 3 7 E 4 3  
8 23E-0 1 

1 70E-02 

3 45E-02 

4 86E-04 

3 04E-04 
106E-02 

1 72E-03 
1 61E 03 

1 82E-01 
2 8 5 E 4 0  
2 74E-01 
7 87E-03 

7 44E-02 

2 39E-03 

191E-03 
7 68E-03 

7 09E+O I 

8 09E-0 1 

3 64E-05 

8 03E-07 
2 96E-05 
5 llE-06 
8 85E-04 

1 86E 05 
9 49E-07 
1 58E 06 
4 74E 05 
1 00E-05 
4 19E 07 

7 27E-07 

3 52E-06 

182E-07 
6 19E-04 
9 47E-06 

3 65E 05 
4 74E-05 
3 55E-05 

4 98E-06 

6 93E 05 

3 07E 01 

3 60E-01 
9 89E 02 
4 09E-02 
2 67E 04 

"31E+00 
139E+00 

St ont m 45 9 SS20 1 193 - 165E-05 2 78E 04 
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TABLE 5 1  
(concluded) 

Maximum Loeation of Depth ID Feet Rnbo of 
Concentrahon Maxunum of Maximum Resldenhal Sod RBCs Concentrahon to RBC 

Analyte or Acbvity Concentrabon Concentmaon Carcinogen Noncarcmogen Carcinogen Noncarcinogen 
lnorganles (cont d) 
T 38 7 SS200 193 0 165E-05 2 35E-04 

2 24E 03 Z nc 184 0939 1 8 10 8 23E-04 
Cvanide 19 8 BH2787 04 8 
Nitrate 43 6 0889 1 2 8  4 39E3-05 9 93E-05 

Radionuchda @CI@ 
Ammc um 241 160 PT029 0 2 37E+00 6 75E+01 

Cesium 137 1 6  BH2987 G 10 2 83E-01 5 65E-02 
Pluton um 239,240 11000 PT028 0 3 42E+00 3 22E43 

Radium 226 1 6  B3 15289 1 1  145 228E+OO 7 02E-01 
Radium 228 6 37 B3 15289 2 4  7 93E-00 7 97E-01 
Strontium 89 90 158 SS200 193 0 2 40E-0 1 6 58E-02 
Strontium 90 0 53 B3 1 5289 7 1 1  2 40E+01 2 21E-02 

Tnt um (pCLII) 36500 B3 15289 0 3  147E+04 2 48E-00 
Uranium 233234 55 07591 8 14 4 47E-0 1 123E+00 
Uranium 235 2 1  07591 8 14 1 73E-01 121E+Ol 

Uranium 738 15 07591 8 14 4 60E+0 1 3 26E-01 

Ratio Sum 3 46E+03 4 50E-00 

For radionuclides listed with more than one isotope the more conservatw RBC was used 
Rat xceed 1 f th lyte 

Rati ex eeds 100 for th s analye 

I 



TABLE 5 2 
ROCKY FLATS OU2 

RBC SCREEN FOR THE 903 PAD SOURCE AREA 
UHSU GROUNDWATER 

Maximum Loeation of Residenhal 
Concentration Maximum Groundwater RBCs Raho of Concentration to RBC 

Analyte or Activity Concentrahon Carcmogen Noncarcmogen Carcinogen Noncarcmogen 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

w 008FlRIS XISM w4 MI 

Organics (mg/L) 
1 1 12 Tetrachloroethane 
1 1 1 Tnchlorocthane 

1 122 Tetrachloroethane 
1 12 Tnchloroethane 

1 1 Dichloroethane 
1 1 Dchloroeth 

1 1 Bchloropropene 
12 3 Tnchloropropane 
12 Dibromoethane 
12 Dichloroethane 

12 Dichloroethene 
12 D chloropropane 
1 3 Dichlorobenzene 
I 3 D chloropropane 
Acetone 

Benzene 
12 4 Tnmethvlbenzene 
1 3 5 Tnmethvlbenzene 
Bromobenzene 
Bromochloromethane 

Bromodichloromethane 
Bromoform 

Bromomethane 
Carbon disulfide 

Chlorobenzene 
Chloroethane 

Chloroform 
Chloromethane 

c s 1 3 Dichloropropene 

Carbon tetrachlonde 

is 12 D chloroethe e 

Di bromochloromethane 
D bromomethane 
D hlo fl o m th 
Ethvlbenzene 
Hexachlorobutadiene 
m-p Xylene 
m Xylene 

n Butvlbenzene 
Naphthalene 
0-C hlorotoluene 

Methylene chlond 

0 0016 
1 

0 18 
0 021 
0 66 
0 38 

0 0001 
0 0021 
0 013 

0 0062 
0 17 

0001 
0 00017 
0 00026 

0 28 
0 038 
0 0006 
0 0014 
0 001 
0 71 
0011 
0 0064 
0 001 
0 0005 

20 
0 009 
0 002 

39 
0 32 
17 
16 

0 0022 
17 

0 0045 
0 001 

0 00063 
0 0003 

0 00026 
35 

0 00018 
0044 

0 00033 

0669 1 
0739 1 
0739 1 
0739 1 
0739 1 
0739 1 
0039 1 
0669 1 
0739 1 
0739 1 

B2 18789 
0669 1 
0669 1 
0669 1 
1187 

0739 1 
0799 1 
1309 1 
0669 1 
0739 1 
2987 
0669 1 
1487 
4189 
0669 1 
3287 
0669 1 
0669 1 
0669 1 
0889 1 
07391 
0669 1 
07391 
6286 
4186 
0669 1 
0739 1 
0799 1 
0669 1 
12391 
1299 1 
0669 1 

8 95E 05 
3 18E-04 

1 67E 05 

1 97E-04 

125E-03 

6 15E04 

137E-03 
3 81E 03 

2 60E-04 

3 76E-04 
2 32E 03 

1 27E-04 
101E-03 

6 22E-03 

1 46E-01 
101E-00 
3 28E 01 

3 28E-01 
1 llE-02 

3 65E-00 

7 30E-01 
7 30E-0 I 
109E-02 
2 76E-02 
2 55E-02 
5 16E-02 
2 78E41 
3 65E-01 

9 15E-03 
7 30E-0 1 

1 58E+00 

173E+00 

146E+00 

2 0 1 EA03 
6 60E+O 1 

2 28E+04 

3 15E-0 1 

8 OOE-0 1 

6 18E+O 1 

8 03E+00 
I68E-00 

7 696-04 

1 41E-05 
138E3-02 

126E+04 
2 18E+00 

5 63E+03 

144E-01 
6 53E-01 
1 16E+00 

5 18E-01 
9 01E-02 

7 67E-02 

151E-02 
8 77E-03 
9 17E-02 
1 81E 02 
7 84E+02 
1 74E-01 
7 19E-05 
1 07E-02 

175E-02 
3 0lE-03 

6 33E-04 

2 02E-01 

3 OlE-02 

*Xylene 0 0003 0669 1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
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TABLE 5 2 
(concluded) 

Maximum Lacahonof Residential 
Concentrahoo Maxlmum Groundwater RBCs Ratio of Concentration to RBC 

Analyte or Acthty Concentration Carcmogen Noncarcmogen Carcmogeo Noncarcinogen 
Organics (coat d) 
p-Chlorotoluene 0 0003 

12 Dibromo-3-chloropropane 0 0042 
sec Butylbenzene 0 0066 
Shrene 0 001 
tert Butylbenzene 000041 

Tetrachlorocthene 14 
Toluene 0 11 
Total uvlenes 0 002 
trans 12 Dichloroethene 0 034 

trans 1,3 Dichloropropene 0 0081 

pXylene 0 0002 

Tnchloroethene 140 
Tnchlorofluoromethane 0 00057 

Vinvl chlonde 0 034 
Benzo c acid 0 056 
Bi s(2-ethylhexvl)phthalate 0 007 

Diethvl phthalate 0 31 

Inorganics (unfiltered samples) (mg/L) 
Aluminum 1460 

Antimonv 0 172 
Arsenic 0 0094 

Banum 11 

Cadm m 0 0714 
Chromium 3 36 
Cobalt 0 627 
COPF 131 
Lead 0 54 
Lith urn 0 842 

Manganese 20 2 
Mercurv 0 0047 

Molybdenum 0 389 
Nickel 2 01 
Selenium 0 3  

Silver 0 0315 
Stront um 4 24 
Tin 0 642 

V d m  1 92 
Zinc 5 2  
Cvanide 0 027 

Nitrate 444 

Beryllium 0 108 

Radionu hdes (unfdt red samples) @CI/L) 
Amenc um 241 46 54 

Cesium 137 1 565 
Plutonium 239,240 180 

0669 1 
0669 1 
0669 1 
13091 
4186 
1309 1 
0889 1 
1 I791 
4186 
4286 
0669 1 
0739 1 
0789 1 
0669 1 
12391 
12391 
12391 

0399 1 
05191 
1099 1 
0399 1 
0399 1 
0399 I 
2987 

03991 
03991 
0399 1 
0399 1 
0399 1 
0399 1 
2987 
0399 1 
2987 

0399 1 
0399 1 
0399 1 
0399 1 
0399 1 
0739 1 
0839 1 

0909 1 
01991 
0909 1 

1 43E 03 

127E-04 
2 55E-03 

2 81E-05 

6 07E-03 

4 86E-05 

198E-05 

I 98E-01 
1 70E+00 
2 07E 01 

2 01E+00 

3 65E-01 
9 65E-0 1 
7 30E+01 

9 15E-03 

146E-02 
7 30E-01 
2 92E+O 1 

1 46E-02 
1 09E 02 

2 56E-00 
1 82E-01 
1 82E-02 
3 65E+01 

146E+00 

1 82E 01 
1 09E 02 
I 82E-01 
7 30E-01 
1 82E-01 
1 82E-01 

2 19E+01 
2 19E+01 
2 56E-01 
1 09E+01 

5 84E-01 

9 79E-03 

6 38E+O 1 
5 49E+04 

1 21E-03 

1 15E+00 

193Ei02 

5 45E+03 

2 35E-02 
9 21E 01 
8 70E-02 

4 98E-04 

3 84E+O1 
114E-01 
2 74E 05 

8 85E-01 

3 84E-04 
9 59E 03 
1 06E-02 

1 18E-01 
8 62E-0 1 
4 30E+00 
5 93E 01 
3 92E-00 
9 21E-02 

8 97E-0 1 

1 1 1E+02 
4 31E-01 
2 14E-00 
2 75E-00 
165E-00 
1 73E-01 
1 94E-01 
2 93E-02 
7 SOE-00 
4 77E 01 

7 60Et00 

12  03591 144E-00 8 33E-0 1 St ontium 89 90 

R t  S m  3 34E+05 1 28E~03 

For radionuclides listed with more than one sotope the more conservative FU3C was used 
Rat xceeds 1 fo th s a  alvte 

Ratio exceeds 100 for thi analy;te 

! shce2 f2 



TABLE 5 3 
ROCKY FLATS OU2 

RBC SCREEN FOR THE MOUND SOURCE A m A  
SOIL TO 12 FEET (RESIDENT) 

M h u m  L o c h o f  DepthinFeet Ratio of 
Cone ntrabon Ma~lmum of M a m u m  Rendenbd Sod R B O  Concentr tion to RBC 

Andyt o A tivity Concentration Concentration Carcinogen Yoncarcinogen C r in g n N n ran g n 
0 ganics(rng/kg) 
1 2 D chloroethane 
2 B  tan 
2 Chlo thy1 m v l  th 
Ac ton 
C rbo tet a hl nd 
M thvl n hlond 
Sty me 
T tach1 oethen 
T I  
Bmo(a)anthracen 

B nzo(b)fl oranthen 
Benzo(gh )pedene 
B m  a d  
B s(2 thvlh m1)pbth I te 
Chrvsene 
D butylphth I te 
FI ranthm 
I deno(1 2 3-cd)pvre 
Y ruv sod phenvlamm 
Phenanthm 
hrene 

B no( ) P F  

P tiadedPCBs(mg/kg) 
Aoclo 1254 
Arocl 1260 

Inorgmcs (rngntg, 

B n m  
Cadmi m 
Chrom um 
Lead 
L thium 
Stront urn 
T 
zmc 
Nitr t 

AB N C  

R donu hdes@Cdg) 

C m 137 

Rad urn 226 
St ntum 8990 
Tnt m (pC '1) 
U m u m  233 234 
U m 235 

Amen rn 241 

PI ton m 239 240 

0 032 
0 033 
0 031 

0 5  
0 015 
0 0374 
0 017 
0 02 
0044 
0 086 
0 096 
0 15 
0 045 
0 25 
8 7  

0 1 1  
3 4  

0 21 
0 045 
0 047 
0 12 
0 2  

0 97 
0 66 

15 
140 
3 7  
13 3 
21 7 
9 6  
66 3 
34 3 
75 8 
2 69 

10 55 

2 1  
44 715 

I 1  
0 443 
690 
2 17 
0 1 1  

BH3 187 
BH3087 
BH3087 
BH3487 
01491 

BH3787 
BH3087 
BH3 187 
0239 1 

SS200293 
SS200293 
SS200293 
SS200293 
SS200593 
BH3787 

SS200093 
BH3087 

SS200093 
SS200293 
BH3487 

SS200593 
SS200093 

SS200293 
SS200293 

BH3387 
BH3687 
BH3387 

SS200593 
SS200593 
SS200593 
SS200293 
SS200593 
SS200593 

0989 1 

PT032 
BH3687 
PT032 

SS200593 
SS200593 
BH3287 
PT032 
PT032 

12 
1 1  5 17 5 
1 1 5  175 

8 147 
3 c  
0 s  

1 1  5 17 15 
12 
8 9  
0 
0 
0 
0 
0 

0 5  
0 

0 9  
0 
0 
8 
0 
0 

7 04E-00 

4 93E+00 
8 54E41 

123E+01 

8 77E-01 
8 778-02 
8 77E-01 

4 57E+01 
8 77E41 

8 77E-01 
131E42 

0 8 32E-02 
0 8 32E-02 

7 8  147 366E-01 
0 5  
0-4 
0 
0 
0 
0 
0 
0 

8 2  142 

0 2 37E40 
5 15 2 83E-01 

0 3 42E100 
0 2 28E100 
0 2 4 0 E 4  1 

8 1s 147E-144 
0 4 4 7 E 4  1 
0 173E-01 

16SE45 

2 74E+04 
192E+02 
165E+04 
5 4 9 E 4  
2 74E+03 
5 49E+04 

1 10E+06 
5 4984-03 

2 7 4 8 4 4  
110E44 

8 23E-43 

1 92E41 
1 92E41 

8 23E+01 
192E104 
137E102 
2 74E-5 

165E+OS 
165EIO5 
8 23E104 
4 39E-5 

4 55E-03 

3 04E-03 
4 38E-04 

1638-03 

9 81E-02 
109E+00 
171E-01 

1 90E-01 
125E-03 

5 13E-02 
3 59E-04 

117E-01 
7 93E40 

4 lOE41 

4 45E* 
7 428-02 
131E+I 
4 82E-01 
185E-02 
4 69E-02 
4 858-02 
6 36E-01 

2 OOE 07 

182E-05 
7 81E-05 
2 27E-06 
3 10E 07 
7 30E-06 
8 01E-07 

2 276-07 
158E-03 

1 24E 04 
191E-05 

2 438-05 

5 05E-02 
3 44E-02 

182E 01 
7 29E-03 
2 70E-02 
4 85E-05 

4 02E-04 
2 08E-04 
9 21E-04 
6 13E-06 

U m m 238 4 96 PT006 0 4 60E+O1 1 08E-01 

R t o S  m 8 llE-1 3 OSE-01 

F d Id I t d w t h m  thano sot pe th m Sew1 R B c w a s  ed 
R t x c e d  I f  th an Ibt 
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‘ 4  TABLE 5-4 
ROCKY FLATS OU2 

RBC SCREEN FOR THE MOUND SOURCE AREA 
UHSU GROUNDWATER 

Maximum Location of Residential 
Concentration Maxmum Groundwater RBCs Ratio of Concentration to RBC 

Analyte or  Actlvity Concentration Carcinogen Noncarcinogen Carcinogen Noncarcinogen 
~ 

Organics (mgk) 
1 1 1 2 Tetrachloroethane 
1 I 1 Tnchloroethane 
* I  1 2 2 Tetrachloroethane 
* I  1 2 Tnchloroethane 
1 I Dichloroethane 
* 1 1 Dichloroethene 
1 2 3 Tnchlorobenzene 
1 2 4 Tnchlorobenzene 
* I  2 Dichloroethane 
1 2 Dichloroethene 
I 3 Dichlorobenzene 
1 4 Dichlorobenzene 
2 Hexanone 
4 Methyl 2 pentanone 

Benzene 
1 2 4 Tnmethvlbenzene 
1 3 5 Tnmethvlbenzene 
Bromochloromethane 

Carbon tetrachlonde 
*Chloroform 
Chloromethane 
CIS I 2 Dichloroethene 
Dichloroddluoromethane 
Hexachlorobutadiene 
*Methylene chlonde 
n Butvlbenzene 
Naphthalene 
p Cvmene 
sec Butvlbenzene 
**Tetrachloroethene 
Toluene 
trans 1 2 Dichloroethene 
* Tnchloroethene 
Tnchlorofluoromethane 
* Vinyl chlonde 
Bis(2 ethv1hexvl)phthalate 
Di n butvl phthalate 

0 0026 
0 012 
0 0024 
0 0006 
0 062 
0011 

0 00028 
0 002 
0 002 
0 074 
0 002 

0 0003 
0 005 
0 001 

0 00094 
0 0001 
0 00009 
0 00063 
0 003 
0 005 

0 00029 
0 214 

000019 
0 00017 
0 022 

00013 
0 0026 
0 00013 
0011 

13 
0 0023 
0 019 
0 41 

0 00057 
0 86 
0 005 
0 003 

Inorganics (unfiltered samples) (mg/L) 
A l m m  135 

Antimony 0 236 
Arsenic 0 0072 

0209 1 
0229 1 
0209 1 
0229 1 
3586 

0229 1 
1209 1 
01391 
3586 
3586 

01391 
01391 
3586 
3586 

0249 1 
1229 1 
1229 1 
1209 1 
4386 

0229 1 
01891 
0209 1 
1229 1 
1209 1 
01791 
0249 1 
0249 I 
0229 1 
0249 1 
0209 1 
0249 1 
0229 1 
0209 1 
01791 
3586 
1229 1 
1209 I 

01491 
01791 
01491 

8 95E 05 
3 18E 04 

1 67E 05 

1 97E 04 

3 54E 03 

6 15E 04 

2 60E 04 
2 76E 04 
2 32E 03 

622E 03 

143E 03 

2 55E 03 

2 81E 05 
6 07E 03 

4 86E 05 

146E 01 
101E+00 
3 28E 01 

2 34E 02 

3 28E 01 

2 23E+00 

198E 01 

2 55E 02 
3 65E 01 

173E+00 

1 46E+00 

3 65E 01 
965E 01 

7 30E 01 
3 65E+00 

1 46E 02 
1 09E 02 

2 68E+01 
1 89E+00 

6 59E+02 

1 02Ei-01 

8 47E 02 

1 53E+00 

1 15E+01 
181EN1 
125E 01 

3 54E+00 

9 09E+03 

161E4-02 

3 06E+04 
8 24E 01 

I 48E+02 

4 llE03 
6 14E 02 
3 35E 02 

8 55E 02 

2 26E 01 

I 35E 04 

5 05E 03 

118E01 
1 37E 02 

1 27E 02 

1 78E 03 

3 56E+01 
2 38E 03 

6 85E 03 
8 22E 04 

1 62E+01 
6 61E 01 

Bal-lW 1 85 01491 2 56E+00 7 23E 01 

X 5--oO808?Cll K 54XLSN ’2 ’ 35PM) sheet1 fZ 



TABLE 5 4 
(concluded) 

M a m u m  Lucatm of Residential 
Concentration Maximum Groundwater RBCs Ratio of Concentratmn to RBC 

Analyte or  Activity Concentration Carcmogen Noncarcmogen Carcmogen Noncarcinogen 
Inorganics (cont d) 
**Bervlhum 0 0153 01491 1 98E 05 182E 01 7 73EW2 8 41E 02 
Cadmium 00111 01491 I 82E 02 6 1OE-01 
Cobalt 0 0995 01491 
coppa 0 214 01491 1 46E+00 1 47E 01 
Lead 0 132 01491 
*Manganese 4 92 01791 182E 01 2 70E+01 
Mercun. 0 00062 01491 1 09E 02 5 69E 02 
Nickel 0 22 01491 7 30E 01 3 01E 01 
Strontium 1 1 1  01391 2 19E+01 5 07E 02 

Vanadium 0 362 049 1 2 56E 01 141E+00 
Zlnc 0 873 01491 1 09E+01 8 01E 02 
Cvamde 0011 0229 1 

1 39E 01 Nitrate 8 1  0229 1 5 84E+01 

Radionuclides (unfiltered samples) @CUI.,) 
*Amenam 241 109 1209 1 1 98E 01 5 51E+00 
Cesium 137 1 146 1209 1 1 70E+00 6 74E 01 
Plutoruum 239 240' 0 1297 12091 2 07E 01 6 27E 01 
Strontium 89 90' 0 81 01791 1 44E+00 5 63E 01 

Ratio Sum 4 15E+04 8 37E+01 

For radionuclides listed with more than one isotope the more conservative RBC was used 1 

* Ratio exceeds 1 for this analvte 
** Ratio exceeds I O 0  for this analvte 

(4040 3 5-0080 82HRISK T54 XLSX 2W IO 35 P W  Sheet2 f2 
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TABLE 5-5 
ROCKY FLATS OU2 

RBC SCREEN FOR THE NORTHEAST TRENCHES SOURCE AREA 
SOIL TO 12 FEET (RESIDENT) 

Maximum Location of Depth m Feet Ratio of 
Coacentrahon Maxnnum of Maximum Resrdentlal Soil RBCs Concentrahon to RBC 

Analyte or Achnty Concentranon Concentration Carcinogen Noncarcmogen Carcmogen Noncarcinogen 
Organics (m%kg) 
1 1 1 Tnchloroetha 
12 Dichloroethane 
3 Butanone 
Acetone 
Benzene 

Chloroform 
Methvlene chlonde 

Tetrachloroethen 
Toluen 
Total xvlenes 

2 Methvlnaphthalene 
2 Methvlph no1 
4 Methvlphenol 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 

Benzo(a)p\Tene 
Benzo( b)fluoranthene 
Benzo(ghi)pcrvlene 
Benzoic acid 
B (2-ethvlhexvl)phth late 
Chrvsene 
Di n butvl phthalate 
Fluoranthene 
Fluoren 
Hexachlorobutadiene 
Hexachloroethane 
Indendl ,2 3 cd)pvrene 
Naphtha1 
Phenanthr ne 
Pvren 

C rbon tetrachlonde 

Tnchloroethene 

Pesb ides/PCB (Wkg) 
4 4  DDT 

Aroclo 1’54 

InorgenKs (mg/kg) 
A r m  

Banum 
Cadmium 
Chromium 
Copper 
Lead 
Ma gan 
M curv 
Si1 e 

13 
0 014 
0 088 

26 
0 012 

140 
8 8  
29 

13000 
7 6  

0 002 
120 
8 1  
0 45 
2 9  
0 28 
0 26 
0 53 
0 48 
0 82 
0 36 
0 4  
5 5  

0 42 
13 

1 
0 19 
0 17 

1 1  
0 33 

2 
2 7  
1 3  

0 14 
8 9  

37 
151 
IO 5 
177 
132 
86 4 
944 
6 

96 5 
15 

10191 
BH3987 
BH3987 

10191 
BH4 187 

10191 
10191 
10191 
10191 
24793 

B2 17589 
10191 
10191 
10291 
10191 
10291 
1029 1 
10291 
1029 1 
10291 
1029 1 
1029 1 
10191 
1029 1 
10191 
10291 
1029 1 
10191 
10191 
10291 
10191 
10191 
10291 

10’9 1 
10791 

BH3987 
10191 
1029 1 
1029 1 
1029 1 
10191 
1029 1 
1029 1 
10191 

3 
2 3 4  

8 
6 5  

9 5  108 
10 
3 
8 
3 
8 

0 ’  
3 

4 2 8  
4 2  8 
4 2 8  
2 8  
2 8  
2 8  
2 8  
2 8  
2 8  
2 8  

4 2  8 
2 8  

4 2  8 
2 8  
2 8  
8 14 
8 14 
2 8  
4 8  
4 8  
2 8  

2 8  
7 8  

0 7  
4 2 8  
2 8  
2 8  
2-8 

4 2 8  
8 14 
2 8  

4 2 8  
0 

7 04E+00 

221E+Ol 
4 93E+00 
I 05E-42 
8 54E’Ol 
1 23E+01 

5 82E1-01 

8 77E-01 
8 77E-02 
8 77E-0 1 

4 57E-01 
8 77E-0 1 

4 57E-41 
8 77E-0 1 

188E+00 
8 32E-02 

3 66E-01 

165E+05 
2 74E-04 

1 92E+02 
2 74E+03 
165E-44 
2 74E+03 
5 49E+04 
5 49E-05 

137E+04 
1 37E+03 
165E+04 
8 23E+04 

I 10E-06 
5 49E+03 

2 74E-44 
1 lOE+O4 
1 10E+04 

2 74E42  

I 10E+04 

8 23E-03 

137E-02 
1 92E+01 

8 23E-4 1 
192E+04 
137E+02 
2 74E+05 
1 1OE+O4 

1 3 7 E 4 3  
8 23E+O 1 
137E+03 

199E-03 

5 43E-04 
2 84E+O1 
8 38E-02 
3 40E-01 
1 06E+03 

2 06E-00 

6 04E-01 
5 47E+00 
9 35E-01 

I 20E 01 
4 79E-03 

2 41E-02 
3 76E 01 

7 45E-02 
107E-02 

1 01E+02 

5 33E 07 
9 49E-04 

7 29E-0 1 
3 2lE-03 
1 76E-03 

4 74E+00 
1 38E 04 
3 64E-09 

3 28E-05 
2 12E-03 
1 70E-05 
3 16E-06 

3 64E-07 
100E-03 

4 74E-05 
9 09E 05 
173E-05 

3 OIE-03 

1 82E-04 

1 58E 04 

1 02E-03 
4 64E-01 

4 50E-01 
7 86E-03 
7 66E-02 
4 646-04 
1 20E 02 

6 89E-01 
7 29E-02 
7 04E-02 

Stront um PT053 165E+05 9 09E-05 

N M)8 (RIS W N W  M) Sheet 1 f 2  
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TABLE 5 5  
(concluded) 

Maximum Loeation of Depth in Feet Ratio of 
Concentrahon Maxunum to Maxunum Rcsldenhal Soil RBCs Concentrabon to RBC 

Analyte or Acbnty Concentration Concentration Carcinogen Noncarcinogen Carcinogen Noncarcinogen 
Inorg nics ( ont d) 
Zinc 437 10291 2 8  8 23E+04 5 31E-03 
Cyanide 4 2  1029 1 2 8  
Nitrate 249 1029 1 2 8  4 39E+05 5 67E 04 

Radionuclides @Ci@ 
Amencium 24 1 4 154 PT053 0 2 37E-00 175E-00 

Ces um 137 0 16 B217589 9 13 2 83E-0 1 5 65E-03 
Plutonium 239240 19 99 PT053 0 3 42E+00 5 85Et00 

Radium 226 0 8  B2 17589 0 3  2 28E+00 3 51E 01 
2 57E-01 Radium 228 204 10491 8 14 7 93E+00 

Stront um 89 90 1 BH4087 7 9  2 40E+O 1 4 17E 02 
Strontium 90 0 52 B2 17589 0 3  2 4 0 E ~ 0  1 2 17E-02 
Tntium (pC~’1) 500 B’17589 0 3  1 4 7 E ~ 0 4  3 40E-03 

Uranium 233234 191 7 10291 2 8  4 47EiO 1 4 29E+00 
Uranium 235 1 1  5 10291 3 8  173E-01 6 65E41  
Uranium 238 113 1 10191 2 8  4 60E+O 1 2 46E-00 

Ratio Sum 1 39E-03 7 34E+00 

For rad onuclides listed with more than one isotope the more conservative RBC was used 
Ratio exceeds 1 forth s analvte 

Ratio exceeds 100 for this andvte 
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TABLE 5 6 
ROCKY FLATS OU2 

RBC SCREEN FOR THE NORTHEAST TRENCHES SOURCE AREA 
UHSU GROUNDWATER 

Maximum LQC tion f Residentid 
Cone ntration M a m u m  Groundwater RBCs Raho of C ncentrahon t RBC 

Andyte or Activity Conc ntr ti n C rcmog n Non arcmog n C rcmogen N n arch g n 

1 1-13 Tetrahl oethan 
1 1  1 Tn hl oethan 
1 1 2 2 T  trachl oethan 
1 12Tn hl oethan 

1 1 D chloroethan 
1 1 D hl the 

1.2 3 Tnchloropropane 
12  D hlo oethen 
4 M thvl2 pentan 
A to 

Bromochlo rn than 
BellZen 

B om d hlo om than 
C rbon tet achlond 

Chlorobenzene 
Chloroform 
1 2 D  hl oethen 

Ethylbenzene 

Naphth I 

Stvren 

Toluene 
T talxyl ne 
tran 1 2  D hlo oethen 

M thvlen chlonde 

B tvlbenz 

T t achl ro th 

Tnchloro then 
Bs(2-ethvlh xvl)phth 1 te 
D thy1 phthalat 

Pesh dcslPCBs (mg/L) 
H pta hlo poxd 

0 00016 
0 13 

0 00028 
0 00052 
0 005 
0 1 1  

0 00044 
0 071 
0 01 
0 16 

0 005 
0 00063 

0 19 
4 5  

0 016 
084 
0 3  

0 015 
0 36 
0 085 
0 23 
0 014 

1 
0 013 
0 053 
0 008 

94 
0 017 
0 003 

0 000065 

In r g m  ~(unfdtered 
AI m um 
Antmo v 
Arm 

Ban m 
B rvllum 

Cadm m 
Chom m 
c b It 

ampl-) (mg/L) 
886 

0 297 
0 021 

1 1  3 
0 114 
0 0777 
0 982 
0 651 

0379 1 
3687 
11691 
0569 1 
3687 
0299 1 
3687 
3687 
3687 
3687 
2587 
11891 
3687 
12691 
257 
3687 
12691 
2587 
03391 
11491 
11491 
2587 
1269 1 
2587 
2587 
12191 
3687 
12191 
11891 

3391 

12191 
11891 
05691 
12191 
12 19 1 
0569 1 
12191 
12191 

8 958-05 
3 18E-04 

167E-05 

6 15E-04 

137E-03 
2 60E-04 

2 76E-04 

6 22E-03 

143E-03 

2 55E-03 
6 07E-03 

9 348-06 

4 86E-05 

198E-05 

1 46E-01 
101E40 
3 28E-01 

3 28E-01 
198E-01 

3 65E40 

7 30E-01 
2 55E-02 
5 16E-02 
3 65E-01 

158E+00 
173E-00 
1 46E+00 

2 01E+00 
3 65E 01 
9 65E-01 
7 30E41 

7 30E-01 
2 92E-01 

4 74E-04 

146E-02 
1 09E-02 

2 56E-40 
1 82E-01 
1 82E-02 

3 65E41 

3 13E+00 
164E40 

6 59E43 

8 13E40 

1 3 9 8 4 2  
173E+04 

3 ME103 

5 79E+O1 

6 99E3102 

3 69E-04 
2 80E+OO 

6 96E40 

4 32E42 

5 7 6 8 4 3  

3 56E-03 
4 95E-03 
3 35E-01 

2 16E-01 
5 O5E-02 
4 38E-02 

2 60E-01 
176E-02 
3 10E-01 
2 30E100 

9 49E-03 
2 08E-01 
5 82E 02 

6 97E-03 
2 74E-00 
135E-02 
7 26E-04 

2 33E-02 
103E-04 

137E-01 

2 03Ed 1 
193E-+00 
4 41E-40 
6 26E-01 
4 27Ei00 
2 69E-02 

c ppe 127 12191 146E+00 8 70E-01 



TABLE 5 6 
(concluded) 

Maxbnum Lacationof Reaidenlid 
C n n t r b n  Mximm Croundwat r RBC R h FC n ntration toRBC 

An* 0rActinty Concentr bon C r mog n N n a emogen C cin gen N n mog n 
In guua(contd) 
L d  
L thrum 

M m I T  
N kel 

S lver 
Strontl rn 
Tm 

Z 
Cymde 
N trat 

Mangane 

Vanad urn 

0 675 
0 435 

24 
00041 
1 29 

0 057 
4 18 
0 342 
3 14 
5 29 
0 02 
10 

12191 
12191 
12191 
0569 1 
12191 
12191 
12191 
05691 
12191 
12191 
03591 
2687 

182E-01 
109E-02 
7 30E-0 1 
182E-01 

2 19E41 
2 19E-41 
2 56E-01 
1 09E+01 

5 84E+01 

132E-42 
3 76E-01 
177E100 
3 13E-01 
191E-01 
156E-02 
1 23E-1 
4 85E 01 

171E-01 

Rad1 nuchdes (unfilte ed amples) @WL) 
2 53E+00 Amenc urn 241 0 5  11891 1 98E-01 

Ce urn 137 1799 12191 1 7 0 E a  106E+00 
PI ton rn239240 0 8  0299 1 2 07E-01 3 86E-0 

RatoS m 7 09E+04 3 63E-42 

Fo ado cld 1 tedwth mo cthanon sotope th moreconsew t RBC was sed 
Raho xceeds 1 forth an lyte 

Rat x ds 100 forth analy.te 

S h M 2  f 2  



TABLE 5 7 
ROCKY FLATS OU2 

RBC SCREEN FOR THE SOUTHEAST TRENCHES SOURCE AREA 
SOIL TO 12 FEET (RESIDENT) 

Maximum Location of Depth in Feet Ratio of 
Concentration Maxunum of Manmum Restdenha1 Sod RBCs Concentrahon to RBC 

Analyie or Achwty Concentrahon Concentrahon Carcmogen Noncarcmogen Carcinogen None rcinogen 
Org ni (mgArg) 
1 122 Tetrachloroethane 
12 Dichloroethane 
2 Butanone 
Acetone 
Ethvlbenzene 
Methvlene chlonde 
T tra hloroethene 
Toluene 
Total xvlenes 
Bis(2ethvlhexvl)phthalate 
D n butyl phthalate 
N Nitrosodiph nvlamine 

Inorganics (mglkg) 
Arsenic 
Banum 
C d m  m 
Chromium 
Lead 
Lithium 
Str ntium 
Tin 
Z nc 
Cyanid 
N tr te 

Radionu Ldes @CI@ 

Cesium 137 

Rad um 226 
Radium 228 
Strontium 89 90 
Stront m 90 
Tnt urn ($1 I) 
Uranium 233,2214 
U n m235 

Americium 24 1 

Plutonium 239240 

0 005 
0 008 
0 009 

17  
0 004 
0 009 
0 002 
0 48 
0 014 
0 066 
0 12 
0 052 

28 4 
228 
5 6  

29 5 
49 

22 9 
98 3 
34 2 
155 
3 33 
2 6  

8 147 
01 
200 
1 3  
2 1  
0 34 
0 42 
510 
7 56 
0 1  

0829 1 
BH4887 
B3 19789 
BH5 187 
1059 1 

B3 19789 
B3 19789 

08291 
10591 
10591 

BH5287 
BHS 187 

BH5 187 
B3 19789 
BH5 187 

SS200893 
SS200893 
SS200893 
SS200893 
SS200893 
B2 18689 
BHS 187 
B2 18689 

PT067 
BH5387 
PT055 
1069 1 
1069 1 

SS200893 
B3 19789 

0829 1 
PT067 
PT055 

7 7  
7 

9 3  
0 9  
10 8 
0" 
0 2  
2 9  
10 8 
8 14 
0 9 5  
0 9  

0 9  
0 3  
0 9  
0 
0 
0 
0 
0 

0 3  
0 9  
0 3  

0 
0 188 

0 
8 14 
8 14 

0 
0 3  
2 8  
0 
0 
n 

3 2OE'OO 
7 04E+OO 

8 54E+01 
1 23E'Ol 

4 57E-01 

131E+02 

3 66E+0 1 

2 37E-00 
2 83E-01 
3 42E-00 
2 28E-00 
7 93E+00 
2 40E+O 1 
2 40E-0 1 
147E-04 
4 47E-0 1 
1 73E-01 

165E-05 
2 74E+04 
2 74E+04 
1 65E+04 
2 74E3-03 
5 49E-04 
5 49E-05 
2 74E+02 
2 74E+04 

8 2 3 E 4 l  
192E44 
1 37E+02 
2 74E-05 

I65E+05 
165Et05 
8 23E-04 

4 39E-05 

1 56E-03 
114E03 

105E-04 
163E-04 

1 44E-03 

3 97E-04 

7 76E 01 

3 44E+00 
3 53E-03 
5 85E+01 
5 70E-01 
2 65E-01 
1 42E 02 
175E-02 
3 47E-02 
5 73E 02 
5 78E 01 

5 45E-08 
6 20E-05 
146E-07 
5 45E 07 
7 30E-07 
8 74E-06 
2 55E-08 
2 41E-04 
4 38E-06 

3 45E-01 
1 19E-02 
4 09E-02 
1 O8E-04 

5 96E-04 
2 07E-04 
1 88E-03 

5 92E-06 

Uranium 238 2 58 PT067 " 4 6OE-O 1 5 61E 02 

Ratto Sum 643E-01 4 OIE-01 

For radio uclides I sted with more than one sotope the more conservative RBC was used 
Ratio exceeds 1 forth s analvte 



TABLE 5 8 
ROCKY FLATS OU2 

RBC SCREEN FOR THE EAST OF THE IHSSs SOURCE AREA 
SOIL TO 12 FEET (RESIDENT) 

Maximum Lo ahonof DepthmFeet R8hO Of 
Con entr tmn M ximum t M mum ReadentislSoilRBC Concentration to RBC 

Analyte or Acthty Concentr tion Cone ntr (ion Ca caogen Non 8 h o g  n Carchrogen Y n a inogen 
0 gma(WW 
Ac ton 
M thvlen hlond 
Toluen 
Benzo(a)anth acen 
Bmo( )pv ene 

B nzo(b)fl o anthe e 
Benzo(k)fl anth 
Benz d 
B s(2ethvlh xv1)phthalat 
Chrysen 
FI o anthen 
Indeno(l2 3-cd)pw ne 
Phenanthre 
4.m 

P h id s/PCBs(mg/kg) 
4 4  DDT 
d ItaBHC 

In r g m c s ( m m  
A enc 

B n m  
Ch m m 
Lad 
L th um 
St ont m 
T n  
Z 

Radronucl~des @Wg) 
Am nc m241 
Plutomum 239 240 
Rad m226 
Stro turn 89 90 
Uraruum 233 231 
U m u m  235 

0 02 
0 003 
0 15 
0 13 
0 14 
0 2  

0 076 
0 7  
0 11 
0 14 
0 23 
0 083 
0 083 
0 19 

0 026 
0 023 

25 93 
390 
32 I 
63 4 
15 7 
100 

93 3 
77 5 

5 1  
50 3 
1 46 
2 09 
3 4  

0 68 

4059 1 
4039 1 
4049 1 

SS202893 
SS202893 
SS202893 
SS202893 
SS20 1893 
SS202893 
SS202893 
SS202893 
SS202893 
SS20 1393 
SS202893 

SS203293 
SS203293 

41591 
4059 1 
PT096 

SS203593 
SS203693 
SS203393 
SS203293 
SS201993 

PT068 
E 1 0 2  

SS203493 
SS20 1393 

PT068 
PT068 

10 
6 

2 5  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 5  
0 6  
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

8 54E+O1 

8 77E-01 
8 77E-02 
8 77E 01 
8 77E-00 

4 57E41 
8 77E41 

8 77E-01 

1 88E-00 

3 66E-01 

2 37E-00 
3 42E-00 
2 28E+00 
2 40E-00 
4 4 7 E 4  1 
1 73E-01 

4 60E-01 

2 74E-04 
165E-04 
5 49E-04 

1 10E46 
5 49E4.33 

1 10E-04 

8 23E43 

137E42 

8 23E41 
I92E+04 
2 74E45 

165E45 
I65E-05 
8 23E-04 

3 51E-05 

1 48E-01 
160E+OO 
2 28E-0 1 
8 678-03 

2 41E-03 
1 60E-03 

9 468-02 

138E-02 

7 08E+ 1 

2 15E-0 
147E41 
6 40E-O 1 
8 71E-01 
7 61E-02 
3 93E-00 

7 30E-07 
1828-07 
2 73E-06 

6 366-07 
2 OOE-05 

2 09E 05 

2 31E 05 

1 90E-04 

3 15E01 
2 03E 02 
117E04 

6 06E-04 
5 65E-04 
9 42E-04 

U r m  m238 2 3  PT068 0 5 OOE-02 

Rat Sum 9 54E-01 3 38E-01 

F d I d  1 tedwith mo thanon sotope th moreco setvat RBC wa sed 
R t o  ed 1 fo th analyt 



TABLE 5 9 
ROCKY FLATS OU2 

RBC SCREEN FOR THE EAST OF TEE IHSSs SOURCE AREA 
UHSU GROUNDWATER 

M mum Loeationof Redd nbd 
Cnentrati n Maximum Groundw te RBC R ti0 of Concentration to RBC 

Andyte or A bvity Con entrab n C mog n %on cmog n C rcinogen Non arcinog n 

Xnorgaiun (unfdt 
Alum m 
Ant monv 

& S a  

Bewll m 
B n m  

Cadm m 
Ch m m 

C b It 

L d  
Lth m 

Me rv 
N k l  
S I  
Stro t rn 

2 
Cvan d 
N t  t 

COPP 

Mangan 

Vand m 

0 01 
0 0004 
0 0033 
0 0038 
0 00062 
0 001 

0 0007 
0 003 

4 S ~ p l e s )  (m%U 
117 

0 194 
0 01 
1 32 

0 0089 
0 0062 
0 248 
00811 
0 189 
0 0966 
0 248 
3 01 

0 00072 
0 219 
0 0103 
2 47 

0 312 
0 665 
0 0688 

8 7  

A t  

M thvl n chl nd 
N phth len 
T t achl oethen 
Toluen 
Tnchloroeth 
B s(2-ethvlh xy1)phth 1 te 

Chl rof rm 

Rndionuchdes (unfdtered samples) @Ci/L) 
Am n m 2 4 1  0 4695 

0386 
0639 1 
41591 
0639 1 
3986 
0386 

0629 1 
41691 

41691 
4 169 1 
41591 
41691 
41691 
41691 
0286 
41691 
41691 
41691 
0649 1 
41691 
41691 
0286 

41691 
41591 
41691 
41691 
41591 
4 186 

41691 

3 65E40 
2 76E-04 3 65E-01 
6 22E-03 173E+00 

1 46E+00 
113E-03 3 65E-01 

9 65E-O 1 
2 55E-03 
6 07E-03 7 30E 01 

2 74E 03 
145E+00 1 10E-03 
5 31E-01 191E-03 

2 60E-03 
4 34E-01 1 70E-03 

104E-03 
2 75E-01 
4 94E-01 4 11E 03 

1 46E-02 1 33E41 
4 86E-05 1 09E-02 2 06E42 9 17E-01 

2 56E40 5 16E01 
198E-05 1 82E-01 4 49E42 4 898-02 

1 82E-02 3 41E 01 
3 65E+01 6 79E-03 

146E-00 129E 01 

1 82E-01 
1 09E-02 
7 30E-01 
1 82E-01 
2 19E-01 
2 56E-01 
1 09E41 

1 65E41 
6 61E-02 
3 OOE-01 
5 66E-02 
113E-01 
122E40 
6 10E 02 

5 84E41 1 49E-01 

1 98E-01 2 37E40 
P1 to m239240 2 204 41691 2 07E-0 1 1 06E41 

RatoS rn 6 71E+02 3 38E+01 

F r ad n I d  S I  tdwthmorethanon sotopc th m re on rv t RBCwas sed 
Rat o exceeds 1 for this analyte 
R t o e x e d  1OOfo th anlvt 

S h e  I fl 



TABLE5 10 
ROCKY FLATS OU2 

SUMMARY OF TOTAL RATIO SUMS BY SOURCE AREA 

Medium Carcinogenic Ratio Noncarcinogenic Ratio 
903 Pad so11 to 12 feet 3460 00 4 50 

Groundwater 334000 00 1280 000 
Total Rauo ' 337460 00 1284 500 

Mound Sod to 12 feet 81 10 0 31 
Groundwater 41500 00 83 70 

Total Rauo ( ' I  41581 10 84 01 

Northeast Trenches so11 to 12 feet 1390 00 7 34 
Groundwater 70900 00 363 00 

Total Rauo (' ) 72290 00 370 34 

Southeast Trenches so11 to 12 feet 64 30 0 40 

East of MSSs so11 to 12 feet 95 40 0 34 
Groundwater 671 00 33 80 

Total Rauo (' ) 766 40 34 14 

("Total Carcinogenic Rat10 > 1 eqmvalent to > 10" cancer nsk level 
Total Carcinogeruc Rat10 > 100 eqmvalent to > lo4 cancer nsk level 
Total Noncarcinogemc Ratio > 1 equivalent to Hazard Index > 1 
(All assumng long term residential exposure to =mum detected concentrations ) 



6 0  
CDPHE CONSERVATIVE SCREENING DECISION CRITERIA 

The results of the nsk based screen are compared to decision cntena to decide the 
appropmte course of acbon for each medmm m each source area The decision points are 
as follows 

8 If the ratio sum 2 100 a voluntary corrective action (or early acbon) or a 
basehe HHRA wlll be performed 

8 If 1 < rabo sum < 100 a baselme "RA m accordance with h s k  
Assessment Guidance for Superfund (EPA 1989) must be conducted 

8 If ratio sum 5 1 no further action may be required pendmg evaluabon of 
ARARs potend nsk from dermal exposure 

The followmg tables show the rat10 sums for all medm m each of the five source areas 
assummg long term residentd exposure to maxllllum detected concentrations of PCOCs 

Carcmogemc Ratio Sums 

Northeast Southeast East of 
903 Pad Mound Trenches Trenches IHSSS 

soll to 3 460 81 1390 643 95 4 
12 feet 

Groundwater 334 OOO 41 500 70 900 NIA 671 

(4-1315 0080-872) (RISK 6) (Os 20-94 7 14pm) (1) 6 1  



Noncarcmogemc Ratio Sums 

Northeast Southeast East of 
903 Pad Mound Trenches Trenches IHSSS 

Sod to 4 5  009 7 34 0 002 2 22 
12 feet 

Groundwater 1 280 83 7 363 33 8 

The carcmogemc rat10 sums for all medn rn all source areas are greater than one and total 
ratio sums for sod plus groundwater exceed 100 in all areas except the Southeast Trenches 
where groundwater IS not present Therefore no source area IS a canhdate for no further 
achon and all source areas are evaluated further by lncludrng them rn AOCs for HHRA 
Groundwater at the 903 Pad Mound and Northeast Trenches source areas is a candidate for 
early action hkewise sod at the 903 Pad and Northeast Trenches areas may be considered 
for early achon 

6 2  



7 0  
DETERMINATION OF AREAS OF CONCERN 

AOCs are defined as one or several source areas that are m close promity and can be 
evaluated as a umt m the "RA AOCs are idenMied m order to support the HHRA m the 
RFI/RI Report (DOE 1993a) 

The five source areas idenflied m OU2 are grouped to form two areas of concern The two 
AOCs m OU2 are defined pnmanly on the basis of contqpous groundwater contammant 
plumes and presence of subsurface sod contammation 

AOC No 1 mcludes the 903 Pad Source Area Mound Source Atea Northeast Trenches 
Source Area and Southeast Trenches Source Area The 903 Pad Mound and Northeast 
Trenches source areas all have hgh m w u m  concentrabons of chlomated hydrocarbons 
m groundwater In adhhon the 903 Pad Mound and Northeast Trenches source areas  ax^ 

hydrogeologically connected therefore they form a logcal area of concern for exposure and 
nsk assessment and evaluahon of potential remedd alternames for groundwater 
Subsurface sod contammahon is the probable source of groundwater contammabon plumes 
m ths AOC The Southeast Trenches Source Area although not a source to groundwater 
is included m ttus AOC because the trenches are in close promity to the Northeast 
Trenches source areas and because it is reasonable to evaluate the soil contammation at these 
trenches with adjacent source areas contamng trenches 

AOC No 2 mcludes the East of MSSs Area AOC No 2 covers a larger geographic area 
than AOC No 1 No MSSs or other waste disposal areas are present m ths AOC 
Maxlmum concentrahons of PCOCs are generally lower m AOC No 2 than m AOC No 1 
and groundwater contammabon is m m a l  Activihes of Am 241 and Pu 239 240 m surface 
sod are lower than m AOC No 1 because of the greater &stance from the industmhzed 
portion of the plant PCOCs m subsurface soil are probably ~tural ly  occurring (metals) or 
a laboratory or field contammant (acetone methylene chlonde and toluene) because no 
waste matenals were placed m thls area Therefore it is reasonable to address ths low 
contammant area as one area of concern 

(4040-1315-0080-872) (RISK 7) (09 21 94 7 22pm) (1) 

* .a - 

7 1  



8 0  
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Report Rocky Flats Plant Golden Colorado September 1993 

U S Department of Energy (DOE) 1991 Fmal Phase 11 RFI/RI Work Plan (Alluvnl) 
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Restorahon Program August 1991 

U S Envmnmental Protemon Agency (EPA) 1994 Revised Intern Soil Lead Guidance 
OS- Directive for CERCLA Sites and RCRA Corrective Achon Fachhes 

No 9355 4 12 July 14 
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ATTACHMENT 1 
BACKGROUND COMPARLSON SUMMARY TABLES 

The followmg tables summaflze the results of the statisbcal background cornpanson for 
metals and radionuclides m surface sod subsurface sod and UHSU groundwater (unfiltered 
samples) The background comparrson is used to idenMy morgam potenual chemicals of 
concern (PCOCs) for further evaluabon m assessmg nature and extent of contaminahon and 
in selectmg chemicals of concern for nsk assessment A PCOC is a metal or radionuchde 
that either (1) is shown to be sigdicantly above background levels by one or more of four 
stat~st~cal tests (Shppage Quantde Gehan or t test) or (2) has one or more results exceedmg 
the 99% upper tolerance h i t  (UTL) of the background data PCOCs are selected on an 
OU wide basis poolmg all analyt~cal results for each medium sampled 

The background cornpanson methodology is descnbed m more de- m Gdbert (1993) and 
DOE (1994) 

References 

Gilbert R 0 1993 Letter report recommendmg process for comparrng Rocky Flats site 
analyt~cal results to background concentrahons &chard Gdbert Batelle Paclfic 
Northwest Laboratones to Beverly Ramsey S ystemaw Management Services Inc 
July 30 

U S Department of Energy (DOE) 1994 Techcal Memorandum No 9 Chemicals of 
Concern Human Health fisk Assessment 903 Pad Mound Area and East Trenches 
Area -rable Umt No 2 Rocky Flats Envmnmental Technology Site Golden 
Colorado Envmnmental Management Department Draft Final August 1994 
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ATTACHMENT 1 
TABLE LEGEND 

Number of background samples 
Number of site samples 
Detecbon frequency m background samples 
Detemon frequency m site samples 
p-value Shppage test 
p value Quantde test 
p value Gehan test 
p value Student s t test 
Signrficant difference from background based on formal stabsbcal tests? 
(p I 0 05) 
99 percent upper tolemce h i t  of background data at the 99 percent 
confidence level 
Number of site sample results > UTL99 
Potenbal chemical of concern 
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